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Abstract 
The vowel length contrast in Cantonese, involving both quality and quantity, is 
manifested in four pairs of long and short vowels: the low vowels [a:] and [B], the 
mid front vowels [e:] and [e], [oe:] and [0], and the mid back vowels [o:] and [o]. This 
thesis investigates the acquisition of vowel length in Cantonese in terms of a 
phonetically motivated prosodic model of the Cantonese syllable, by analyzing the 
longitudinal development of a child and conducting perceptual experiments with 
young children. 
In an effort inspired by Cheung (1986), We first propose a tri-moraic model 
of the Cantonese syllables consisting of long and short vowels, based on salient 
phonetic features of the Cantonese rhyme, including the highly regular durational 
ratios of vowels in different syllable types, the precise durational ratio of long to 
short vowels in closed syllables, and the compensatory relationship between vowel 
and coda. 
Our acoustic analysis of the speech of a Cantonese-speaking child from one 
and a half to two and a half years of age reveals significant durational differences 
between target long and short vowels as early as 1;6. The durational ratio of long to 
short vowels in closed syllables became adult-like by 2:1, first in sonorant coda and 
then in stop coda environments. The child also produced adult-like vowel-to-coda 
ratios in long-vowel and short-vowel rhyme with nasal codas by 1;10. 
We conducted two experiments to investigate two- to three-year-old 
i 
Cantonese children's sensitivity to the contrastive function of vowel length. Results 
of the Actual Word Test indicate that Cantonese children as late as three years old 
are only partially competent in distinguishing words differing only in vowel length, 
and that such ability is closely tied to their lexical knowledge. The subjects found it 
easier to differentiate word pairs containing syllables with glide and nasal codas 
than those containing syllables with stop codas. The Novel Word Test examined 
children's sensitivity to the phonemic function of vowel length in the absence of 
prior lexical knowledge. The findings show that around half of the subjects who 
met the task demands of the experiment demonstrated clear knowledge of the 
contrastive value of vowel length. The overall experimental results provide strong 
evidence that Cantonese-speaking children have become sensitive to the 
phonological distinction of long and short vowels by three years of age, though the 
perception of various vowel contrasts is affected by factors such as the lexical 
frequency of the contrast, the lexical knowledge of children, and the coda 
6 门 vironm6nt. 
In our developmental model of vowel quantity and prosodic structure in 
Cantonese, we hypothesize that children develop from an initial stage having only 
open syllables with a default syllable size of two moras. Only at a later stage, when 
the rhyme branches Into nucleus and coda, does the opposition of vowel duration 
develop in the vowel nucleus. The addition of a coda to the syllable will render . 
closed syllables longer than open syllables. Finally, children wHI lengthen the open 
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1.1 Nature of vowel length 
1.1.1 Definitions of vowel quantity and vowel length 
Vowel quantity, understood as a suprasegmental feature, refers to the duration of a 
vowel that serves as a distinctive element in the phonological system of a language. 
It is concerned with the arrangement of contrastive durational patterns in time 
dimension, rather than differences in place and manner of articulation of 
consonants, or in the quality of vowels. 
Vowel duration can be attributed to the nature of the vowel itself, i.e., the 
intrinsic duration of vowels, and may be affected by other phonetic factors such as 
consonantal context, tone, stress； number of syllables, and syllable position within a 
word or a phrase (Lehiste 1970). However, in the study of vowel quantity, we are 
generally interested in the contrastive patterns in vowel duration contributing to a 
phonological opposition and signaling differences in word meaning. Durational 
differences observed at the sentence level which may reflect speech tempo, 
syntactic structure, word and phrasal boundary, or other pragmatic dimensions of 
meaning usually fall outside of the scope of vowel quantity study, as these 
differences do not affect the phonological opposition of vowel duration nor the 
meanings of individual words. 
Languages employing vowel quantity in the phonology have at least two 
contrastive degrees of quantity, i.e., long versus short.! Languages may vary a great 
1 Some languages have three-way distinction of quantity. For example, Estonian has contrastive long, 
half-long, and short vowels (Vihman 1967): 
i - i - i: kire 'passion' (genitive) ki.re 'ray' (genitive) ki:re 'fast' 
1 
deal in the magnitude of durational difference between long and short vowels. The 
durational ratio of long to short vowels has been reported to be around 1.5: 1, for 
some languages such as English (House 1961) and Serbo-Croatian (Lehiste and Ivic 
1963), but may approximate or exceed 2:1 for languages like Thai (Abramson 1962), 
Finnish (Wiik and Lehiste 1968), Japanese (Han 1962), Hakka Lai (Maddieson 2004), 
and as we will see later in our thesis, Cantonese. 
Long and short vowels in many languages are also found to have a 
difference in quality; the terms 'tense' and 'lax' are often adopted to signal quality 
as well as quantity differences between long and short vowels in these languages. 
Throughout this thesis, we use the term 'vowel length' or 'vowel length 
distinction/contrast' to refer to the phonological opposition between long/short or 
tense/lax vowels； which may consist of differences in both vowel quality and vowel 
duration. In contrast, the term 'vowel quantity' is used to denote the pure 
phonological distinction of vowe卜duration. The term 'vowel duration' is understood 
as the phonetic realization of vowel quantity； and one of the phonetic 
manifestations of vowel length. 
Languages that have vowel length differ with respect to the role of duration 
in the contrast. In languages such as Japanese and Finnish, a pure difference in 
vowel duration may constitute a phonological contrast, as shown in (1.1a), in which 
the distinction between long and short vowels consists entirely of quantity. In other 
languages, for example, English, Swedish, German, and Dutch, the relative duration 
of a vowel may be a component feature of a vowel contrast. In these languages, 
vowel length distinction crucially involves differences in vowel duration as well as 
vowel quality, as shown in (1.1b). These languages may also differ in whether 
duration or vowel quality functions as the primary cue of vowel length. For instance, 
it is widely accepted that vowel length differences in English are reflected primarily 
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in vowel quality, with durational differences functioning only an accompanying 
feature. Thus, the durational difference between long and short vowels in English is 
not as prominent as that in other languages (House 1961).^ Perceptual tests have 
shown that English speakers rely on quality rather than duration to differentiate the 
tense and lax high vowels [i;] and [i] (Giegerich 1992). In Swedish； however, a sharp 
durational difference between long and short vowels can be observed, with long 
vowels approximately twice as long as short vowels.3 The primacy of vowel duration 
as a cue for vowel length in Swedish is confirmed for most of the vowel pairs by 
perceptual studies (Hadding-Koch and Abramson 1964, Behne et al 1999). 
(1.1) a. Japanese: too [o:] 'tower' to [o] 'door' (Ota 1999) 
Finnish: tuuli [u:] 'wind' tuli [u] 'fire' (Ravila 1962) 
b. English: beat [i:] 'beat' bit [i] 'bit' (Gimson 196^1980) 
Swedish: sota [0:] 'push' sotta [oe] 'prop up' 
(Hadding-Koch & Abramson 1964) 
1.1.2 Vowel length in relation to language prosody 
Not only does vowel length signal a phonological contrast, but it also functions as 
an integral part of the prosodic structure of a language. The difference between . 
long and short vowels can be represented as a difference in the complexity of the 
vowel nucleus, which interacts with the coda or postvocalic consonant, constrained 
by a higher-level prosodic unit such as syllable, foot and prosodic word. In 
languages such as Japanese, syllable size varies from one mora to three moras, so 
2 House (1961) reports that the durational ratio of short to long vowels is 0.7:1. 
3 The durational ratio of short to long vowels in Swedish is about 0.55:1 (Elert 1964). 
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that short vowels can exist in open syllables. However, the same situation cannot be 
found in the stressed open syllables in languages such as English； Swedish, German 
and Dutch, as the stressed syllable in these languages is constrained by a minimally 
binary rhyme. 
Vowel length in many languages is analyzed as the contrast between a 
complex nucleus and a simple nucleus, or in other words, the opposition between a 
bimoraic (or bipositional) nucleus and a monomoraic (or monopositional) nucleus.^ 
This analysis is compatible with the approximately 2:1 ratio of long to short vowels 
found in many languages. In the Moraic Theory (Hayes 1989, 1995)； a long vowel 
maps to two moras and a short vowel to one: 
(1.3) long vs. short vowels 
a. [a:] b. la] 
V I 
a a 
In some languages, vowel length is closely related to the duration of the 
following consonant； so that vowel quantity is determined by the interaction of 
4 Scholars commonly hold two different views on the structure of syllable. The syllable in moraic 
theory consists of at least one mora and at most two moras, and the heavy and light distinction is 
defined by two moras versus one mora. Long vowels are considered to have two moras, while short 
vowels have one (Hayes 1989, 1995, among others). Contrastingly, in the theory of syllabic 
constituency (Pike and Pike 1947, MacCarthy 1979, among others), the syllable is assigned a 
particular constituent structure, consisting of subsyllabic constituents Onset and Rhyme, which can 
themselves have sub-constituents. Not all the constituents contribute to the prosody of a language. 
In many languages such as Latin, the heavy and light distinction is viewed as branching versus 
non-branching rhyme, and vowel length is characterized as branching versus non-branching nucleus 
(Hayes 1981/1985, among others), so that a long vowel occupies two skeletal positions (e.g., two 
X-slots in X Theory by Prince 1984, Levin 1985), and a short vowel occupies one skeletal position. We 
will refer to 'bimoraicV'monomoraic' or 'bipositional'/'monopositional' according to the approach 
different scholars adopt in their studies. 
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vowel and coda. For instance, the modern Nordic languages (Icelandic, Norwegian, 
and Swedish) are said to show a compensatory relationship between vocalic and 
consonantal quantity: a short vowel is followed by a long consonant, while a long 
vowel is followed by a short consonant (Benediktsson 1963).^ Compensatory 
duration of coda consonants has been observed in Hakka Lai by Maddieson (2004), 
who suggests that the duration of a coda in Lai contributes to the syllable weight, 
and predicts that this quantity pattern will be found in the so-called syllable-timed 
languages to help maintain relatively equal rhyme durations. 
1.2 Acquisition of vowel length distinction 
In view of the nature of vowel length, and its complex interaction with prosodic 
structure, the following essential issues should be addressed in the study of vowel 
length acquisition: 
(a) When do children show sensitivity to the quantity difference of long and 
short vowels, reflected in significant durational differences between long and short 
vowels in child speech? Further, when do children develop adult-like durational 
differences between long and short vowels, indicating target-like phonetic 
realizations of vowel length? 
(b) How do children acquire vowel quantity in relation to the development 
of prosodic structure? More specifically, how do children represent vowel duration 
in relation to the development of syllable/rhyme structure as well as the size of the 
syllable/rhyme? How do they develop the contrastive patterns of monopositional 
nuclei vs. bipositional nuclei at different stages? 
(c) When do children master the contrastive function of vowel length in 
5 However, there is a debate on whether the quantity feature should be assigned to the vowel or 
the coda, or even to the accentual patterns of syllables (Benediktsson 1963, among others). 
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speech comprehension; and what is the relationship between lexical learning and 
phonological development? 
Age of onset of vowel quantity 
With respect to the age of onset of vowel quantity differences, previous studies 
have been divided on whether vowel quantity shows up early or late for languages 
in which vowel length involves both quality and quantity. Studies based on 
impressionistic transcriptions report that the acquisition of vowel quantity is 
protracted in Dutch (Fikkert 1994) and English (Demuth and Fee 1995), and the 
children had not fully mastered the distinction of vowel quantity until they 
developed coda in the later stages. On the other hand, acoustic studies of 
acquisition of vowel quantity in German (Kehoe and Lleo 2003), Swedish 
(Stoel-Gammon and Buder 1998； Buder and Stoel-Gammon 2002), and English 
(Stoel-Gammon and Buder 2002, Ko 2007) indicate that children have generally 
tuned in to the role of vowel quantity by the age of two. 
One might expect differences in the paths of acquisition of children 
acquiring different types of languages that have vowel length. Thus, vowel quantity 
distinctions may appear early in children acquiring languages in which quantity 
serves as the exclusive acoustic cue and vowel length contrast can exist in open as 
well as closed syllables. This has been shown to be true of Japanese-acquiring -
children who develop vowel quantity distinctions at around one and a half years of 
age (Ota 1999). 
Vowel length acquisition and prosodic structure 
Previous studies of vowel length development have observed stage-like 
development of prosodic structure. Adopting an 'onset-rhyme' syllable account, 
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Fikkert (1994) proposes that at the initial stage children only produce CV syllables. 
At this stage, the rhyme has not branched so that coda is not allowed, and vowel 
length is not yet distinctive. At the second stage, rhyme branches into nucleus and 
coda; however, the nucleus is monopositional and vowel length remains 
nondistinctive. At the third stage, children develop monopositional as well as 
bipositional nuclei, so that the nucleus could branch and vowel length becomes 
distinctive. In another study of child English, Demuth and Fee (1995) support the 
idea that the initial stage of phonological development consists of the 'core syllable'. 
In the later stages, children produce underlying long vowels before the production 
of underlying short vowels and codas. 
While Fikkert has shown insightfully that branching of rhyme and branching 
of nucleus are crucial steps of vowel quantity development, the precise role of 
quantity cannot be reliably assessed by means of impressionistic transcriptions, and 
one will have to use acoustic measurements for detection of fine durational 
differences. The significant durational differences observed in early child speech 
have been shown to be much smaller than those of adult speech in Japanese (Ota 
1999), German (Kehoe and Lleo 2003), and English (Stoel-Gammon and Buder 2002, 
Ko 2007). As pointed out by Ota (1999), adult speakers might ignore small vowel 
quantity differences in early child speech. 
With respect to the development of prosodic structure, some reports 
disconfirm Fikkert's claim that the early syllable of children is monopositional based 
on acoustic measurements. Kehoe and Lleo (2003) have found that 
German-acquiring children use bipositional rhymes early on, so that the rhyme can 
branch into a short vowel and a coda or maintain a long vowel, and vowel quantity 
？ 6 For example, in Fikkert's study, the tense vowels are always transcribed as long, while the lax 
vowels are always short, so that it excludes the possibilities of short but tense vowels； and of long 
but lax vowels. 
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is not totally random. Similarly, a minimally bimoraic foot is also found to constrain 
the early word productions of child speech in the acoustic study of three 
Japanese-acquiring children (Ota 1999). 
Vowel length acquisition in the relationship to lexical learning 
Besides tuning In to quantity differences and the complex relationship between 
vowel length and prosodic structure, children need to learn long and short vowels 
as realized in actual words. The contrastive function of vowel length is not merely 
an abstraction, but is implemented in the lexicon to distinguish words of different 
meanings (cf. Ferguson and Farwell 1975). Therefore, whether they could produce a 
particular vowel length contrast depends to a certain extent on whether they are 
familiar with the phonological representations of the particular word pairs that 
realize this contrast. 
(1.3) Japanese: koo [o:] 'child' ko [o] 'shell' (Ota 2001) 
too [o:] 'tower' to [o] 'door' (Ota 1999) 
As shown in the examples in (1.3), in order to master the contrastive 
function of vowel length, Japanese children need to figure out there are two moras . 
in the syllable weight of koo and too, and one mora in ko and to, by learning that . 
koo and ko denote the meanings of 'child' and 'shell', and too and to signify the 
meanings of 'tower' and 'door'. 
As mentioned in the preceding session, child speech may reveal significant 
durational differences between long and short vowels at an early age; indicating 
children's awareness of the phonological role of vowel quantity. However, whether 
they have mastered the contrastive function of vowel length remains to be explored 
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experimentally. 
1.3 Current study on the acquisition of vowel length in Cantonese 
Cantonese is the only Sinitic language that exploits a vowel length contrast in the 
phonological system (Yuan 1960, Yue-Hashimoto 1972). The system consists of 
seven long vowels and four short vowels. The four low and mid-low long vowels are 
analyzed to be contrastive with the four short vowels in closed syllables, the 
contrasts involving both quality and duration differences. Previous acoustic data 
have shown that long and short vowels differ systematically in duration (Kao 1971, 
Lee 1983 1985, Shi and Liu 2002, Shi and Mai 2003, Shi and Liu 2005), and that 
quantity serves as an important cue in the perception of long and short vowels (Shi 
and Liu 2002, Shi and Mai 2003). Based on previous studies and our new acoustic 
measures, we will focus on three salient durational properties of Cantonese vowel 
length in our study, and build our phonological model of Cantonese with reference 
to these properties. First, the durations of long vowels in open syllables, long 
vowels in closed syllables； and short vowels in closed syllables reveal a robust 3:2:1 
ratio. Second, the long vowels in closed syllables contrast with short vowels in 
closed syllables with an approximately 2:1 durational ratio, and the durational 
ranges of long and short vowels do not overlap in speech produced by a speaker at 
the same speech rate. Third, an inverse durational relationship is found between . 
the vowel and the coda, with a 2:1 vowel-to-coda ratio in long-vowel rhymes, and a 
1:2 vowel-to-coda ratio in short-vowel rhymes. 
In this thesis, taking mora to be a timing unit, we propose a tri-moraic 
model of syllable structure and hypothesize that the Cantonese syllable consists of 
three moras, aiming to capture the durational patterns in Cantonese prosodic 
structure. Further, we adopt this model as the target state of development of vowel 
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length and prosodic structure in Cantonese-acquiring children. 
As vowel length in Cantonese consists of both quality and quantity 
differences, and the syllable in Cantonese is generally tri-moraic, disallowing short 
vowels in open syllables, Cantonese-acquiring children need to tune in to the 
characteristics of syllable structure and moraic structure at the same time as they 
are acquiring vowel quantity. Further, Cantonese-acquiring children also need to 
master the contrastive function of vowel length in signaling minimal word pairs. We 
address the above research issues though a detailed longitudinal study of a 
Cantonese-acquiring child aged between 1;6 and 2;7, and an experimental study of 
three-year-old Cantonese-speaking children's sensitivity to vowel length in actual 
words and novel words. 
1.4 Organization of thesis 
The thesis is organized as follows. Chapter Two describes the system of long and 
short vowels in Cantonese, detailing their phonological distribution and their 
notable acoustic properties. We will then provide a tri-moraic account of syllable 
structure based on the durational patterns in Cantonese. Chapter Three reviews 
findings of previous studies on the acquisition of vowel length, with emphasis on 
Cantonese vowel length development. In Chapter Four, we analyze the naturalistic 
data of a Cantonese-acquiring child and hypothesize a developmental model of . 
syllable structure and vowel quantity in Cantonese. Chapter Five reports the 
findings from two experiments - the Actual Word Test and the Novel Word Test. In 
Chapter Six； we discuss the early acquisition of vowel length in Cantonese in light of 
acquisition studies on languages in which vowel length involves both quality and 
quantity, as well as our tri-moraic model of the Cantonese syllable. 
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Chapter Two 
Vowel length in Cantonese 
This chapter presents our analysis of vowel length in Cantonese, and hypothesizes 
� the prosodic structure in Cantonese syllables. 
We will first introduce the basic syllable template, and the phonetic 
inventory of vowels in Cantonese as well as their distribution. After briefly 
presenting our analysis on Cantonese vowels, we will review two competing 
phonological analyses of the Cantonese vowel system, and further justify our 
analysis of Cantonese vowel length adopted in the current child language study. 
Then we will review previous acoustic studies of the durational properties of 
vowel length, and present our new acoustic data. Based on these data, we will point 
out three salient durational properties of Cantonese vowel length with respect to 
syllable structure. Based on a close reading of the acoustic data, we will re-assess 
the bi-moraic account of syllable structure of K.-H. Cheung (1986), and propose a 
new model of syllable structure of Cantonese. 
2.1 Long and short vowels in the Cantonese vowel system 
2.1.1 The syllable template of Cantonese 
As a tonal language, Cantonese has a relatively simple syllable structure, which 
consists of an obligatory tone, an optional onset and a rime containing an 
obligatory nucleus and an optional coda. Except for the syllables which are formed 
by the two syllabic nasals /m/ and /jj'/, all other Cantonese syllables have the 
structure as (0)VV or (0)V(V)C, as shown in (2.1). Long vowels can appear in open 
and closed syllables, while short vowels must be followed by a coda. The coda 
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position here can be occupied by off-glide / ] P or /w/, nasal /m/； /n/ and /g/, or 
their homorganic oral stop /p/, /t/ or /k/. 
(2.1) The basic syllable template for Cantonese 
“ V V 
(0) \ � G (off-glide) 
� V ( V ) j N (nasal) 
� P (unreleased stop) 
It should be noted that all diphthongs are analyzed as the combinations of a 
nucleus vowel and an off-glide coda, as the semivowels /]/ and /w/ serving as the 
second element of a diphthong can never be followed by any consonants. Being 
non-syllabic, /]/ and /w/ function as the nasal and oral stop codas with respect to 
distribution. 
2.1.2 The phonetic inventory of Cantonese vowels and their distributions 
Traditionally, 13 vowel phones have been distinguished in Cantonese (Kao 1971, 
H.-N. Cheung 1972, Yue-Hashimoto 1972), consisting of seven long vowel phones 
and six short vowel phones, which differ in both quality and duration, as shown in 
Table 2.1. 
The long vowels consist of [ i: y: u: e: oe: o: a: ] and the short vowels . 
comprise [ i u e 0 o b].^ 
7 The off-glide phoneme /j/ consists of two phones [j] and conditioned by the preceding vowels. 
8 Note that some of the short vowels have been transcribed differently by other linguistics. For 
example, [i] and [u] are transcribed as [e] and [0], respectively, by Chao (1947), so that the number 
of vowel phones in Cantonese is reduced to 11. These two short vowels are also transcribed as [d] 
and [qW], respectively, by Bauer and Benedict (1997). In addition, [0] is transcribed as a central 
rounded vowel [e] by Chao (1947), Lee (1983, 1985), K.-H. Cheung (1986), Zee (1991, 1999), Bauer 
and Benedict (1997). The alternative transcriptions are based on detailed phonetic analyses in some 
studies (Lee 1983 1985, Zee 1991/1999, Bauer and Benedict 1997). 
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Table 2.1 Phonetic inventory of Cantonese vowels (Kao 1971, H.-N. Cheung 1972, 
Yue-Hashimoto 1972) 
front central back 
unrounded rounded unrounded rounded 
~ m M 
[I] M 
mid [e] [0] [o] 
[e:] [oe:] [ � : ] 
low |>] 
. ^ 
The short vowels have more limited distributions than the long vowels with 
respect to the co-occurrence with coda consonants, as shown in Table 2.2. As we 
have mentioned, long vowels can occur in both open syllables and closed syllables 
with glide, nasal, and stop codas, while short vowels can only exist in closed 
syllables. Further, the short high-mid vowels [i] and [u] can only be followed by 
velar codas. The long mid vowels [e:] and [0:] occur in open syllables, or in closed 
syllables they can only be followed by velar codas. Therefore, [i] and [u] contrast 
with the long mid vowels [e:] and [0:], respectively, while falling in complementary 
distribution with the long high vowels [i:] and [u:], respectively. The short mid 
vowels [e] and [o] can only occur before an off-glide, and they fall in 
complementary distribution with [i] and [U], respectively, as well as with [E:] and [OI]. 
Moreover, the short mid rounded vowel [0] can precede off-glide or alveolar 
consonant only, while the long mid rounded vowel [oe:] can only be followed by a 
9 Yue-Hashimoto (1972) uses [A:] to stand for the long low vowel, and it is sometimes transcribed as 
[a:] or [a:] according to the place of articulations of the corresponding codas throughout her book. 
As shown in Table 2.2, [e:] can occur before other coda environments in colloquial words, 
exemplified in Footnote 12. Distributions that occur in colloquial words are marked by an asterisk in 
the distribution table. 
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velar coda in most of the situations.^ The short low vowel [B] has the widest 
distributions among the short vowels, and it contrasts with the long low vowel [a:] 
in all coda environments in closed syllables. 
Table 2.2 Combinations of vowels and coda consonants in Cantonese 
-0 -j/'-q _w _m -n -g -p -t - k 
i: i: irw i:m i:n i:p i:t 
I — ig ik 
e.. ej 
E： e: * 8 : w *Em *£:n E:g *e:p *s:t e:k 
y: y: y:n y:t 
0 £rq 011 0t 
oe: oe: oe:q *oe:t oe:k 
u: u: u:j u:n ^ 
u up uk 
o ow 
0： 0： Dij o:n o:g o:t o:k 
B 它j 它 w Bin Bn Bq Bp 它 t 它 k 
a: a: a:j a:w aim am a:q a:p a:t a:k 
* The combinations appear in colloquial words only.^^ 
In our analysis of Cantonese vowel phonemes, we highlight the contrasting 
u In Standard Cantonese, [oe:] and [0] are in complementary distribution, with the former appearing • 
in open syllables and before velar codas, and the latter before alveolar codas. However, the 
combination of [oe:] and alveolar stop also exist in some colloquial Cantonese onomatopoetic words, • 
as exemplified in Footnote 12, 
Furthermore, it should be noted that, in the speech of the younger generation in Hong Kong, the 
vowel [oe:] can occur before alveolar stops in other words than onamatopeic words, because of an 
ongoing sound change in Hong Kong Cantonese, namely alveolarization of velar codas, as observed 
by Bauer (1979). This has resulted in the merger of the coda environments and the loss of 
complementary distribution of the vowels in Hong Kong Cantonese. For example, in young people's 
speech, [ts'^oeiqSS] 'window' is often pronounced as [ts'^oe:n55] and contrasts with [ts^0n55] 'spring', 
and [loe:k22] 'abbreviative' is likely to be pronounced as [loe:t22] and in contrast with [l0t22] 'rule, 
law'. A similar process has been taking place in other rhymes originally ending with a velar coda, so 
that all the long and short vowels contrast in the alveolar coda environment in the new generation 
of Hong Kong Cantonese (for a more comprehensive description, see also H.-N. Cheung (2001)). 
12 For instance, [te:w22] 'to throw away', [le:m25] 'to lick', [fe:n55] 'friend', [ke:p25] 'to damp', 
[low 13 e:t22 e:t22] 'very old', [koe:tl 1 koe:t 11-25 seiqSS] 'sound of snoring'. 
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pattern between long and short vowel phones, and take the vowel system as 
consisting of three long high vowels, and four pairs of contrasting mid and low 
vowels (Kao 1971, Lee 1983 1985, Zee 1991/1999, Bauer and Benedict 1997). Thus, 
the short mid front vowels [i] and [e] are allophones of the phoneme /e/, 
contrasting with the long mid front vowels /E:/; the short mid back vowels [U] and 
[o] are allophones of the phoneme /o/, which is in contrast to the long mid back 
vowel /o:/; the short mid front rounded vowel /0/ contrasts with the long front 
rounded vowel /ce:/;^^ and the short mid low vowel M contrasts with the long low 
vowel /a:/. The distributions of these vowel phonemes are shown in Table 2.3. 
Table 2.3 The long and short vowels of Cantonese and their distributions 
Long Distribution with respect to Short Distribution with respect to 
vowels coda vowels coda 
i: in open syllables; before -w 
glide; before labial and 
alveolar stops/nasals 
y: in open syllables; before 
alveolar stop/nasal 
u: in open syllables; before - j • 
glide; before alveolar 
stop/nasal 
E： in open syllables; e before -j glide; 
before velar stop/nasal; before velar stop/nasal 
(before labial and alveolar 
stops/nasals) 
oe: in open syllables; 0 before - i j glide; 
before velar stop/nasal before alveolar stop/nasal 
(before alveolar stop) 
As observed above, the combination of [oe:] and alveolar stop exists in some colloquial Cantonese 
words, and also in the speech of the younger generation of Hong Kong Cantonese speakers. The 
vowels [oe:] and [0] are in complementary distribution only if we exclude the colloquial tier and 
abstract away from ongoing sound change. 
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0： in open syllables; o 
before -j glide; before -w glide; 
before alveolar and velar before velar stop/nasal 
stops/nasals 
a: in open syllables; B 
before -j and -w glides; before -j and -w glides; 
before labial, alveolar and before labial, alveolar and 
velar stops/门asals velar stops/nasals 
•Distributions shown in parentheses occur only to the colloquial tier of Cantonese. 
Only unreleased stops, nasals and glides serve as codas of the Cantonese syllable. 
It should be noted that alternative analyses of Cantonese vowel phonemes 
have been proposed in terms of which pairs of vowels are taken to be members of a_ 
long/short vowel pair, and more importantly, in terms of whether the durational 
properties of vowels should be regarded as a distinctive feature in Cantonese vowel 
system. To take an example, many linguists (Wong 1941, H.-N. Cheung 1972, 
Yue-Hashimoto 1972, among others) pair the mid short vowels [i] and [u] with the 
long high vowels [i:] and [u:], respectively, rather than with [e:] and [o:] respectively, 
differing from our analysis. As we can see from Table 2.2, the pair [i] and [i:], as well 
as the pair [u] and [u:], are in complementary distribution. On this kind of analysis, 
the contrasting vowel length pairs would reduce to just the low vowels (H.-N. 
Cheung 1972, Yue-Hashimoto 1972), and the duration of the mid vowels is 
considered as a phonetic property affected by the feature of codas (Wang 1999, 
Barrie 2003). Moreover, as the long and short vowels differ in both quality and 
duration, some linguists even consider vowel duration an accompanying phonetic 
feature of vowel quality, and therefore, it is not distinctive even for the low vowels 
(Wong 1941, Liu 1987 2003, Wang 1999). 
The fact that there may exist more than one phonemic analysis of a sound 
system has long been noted, and competing phonemic analysis can be assessed 
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with respect to a range of factors such as native intuition or pattern congruity (Chao 
1934, Hockett 1942, 1955). To justify the analysis of Cantonese vowel length 
adopted in the current study, we will compare and evaluate the relative merits of 
the two competing analyses of Cantonese vowels in the following section, namely 
the analysis of Cantonese vowels as having an eleven-phoneme system versus an 
analysis of the Cantonese vowels as having an eight-phoneme system. In a later 
section, the status of vowel duration in Cantonese vowel length contrast will be 
further investigated and discussed. 
2.1.3 Two competing analyses of Cantonese vowels 
In the preceding section, we have introduced the phonetic inventory of vowels and 
their distributions in Cantonese, and briefly presented our phonemic analysis of 
Cantonese vowels, as well as the alternative analyses. In this section, we will further 
provide detailed comparisons of the two competing analyses of Cantonese vowels, 
an analysis which recognizes the systematicity of vowel length patterns in the 
language versus an analysis which does not give such recognition. We will then 
argue for the former, which is the analysis of Cantonese vowel length adopted in 
the present study. 
It should be noted that the non-uniqueness of phonemic solution to the 
sound system has long been observed by Chao (1934). He identifies seven 'motives' 
one might have to organize sounds into phonemes: (a) phonetic accuracy, or 
smallness of range of phonemes, (b) simplicity or symmetry of phonetic pattern for 
the whole language, (c) parsimony in the total number of phonemes, (d) regard for 
the feeling of the native speakers, (e) regard for etymology, (f) mutual exclusiveness 
between phonemes, (g) symbolic reversibility, and considerations of the above 
factors may conflict with each other. Among these 'motives', some are more like 
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required conditions for a phonemic analysis, such as (a) (f) (g).i4 Hockett (1942) 
highlights 'pattern congruity'^^ which is similar to the motive (b) of Chao (1934), 
and 'economy', which is the same as motive (c) of Chao (1934), as the two criteria 
for choosing alternative phonemic analyses which meet the primary 
requirements. in the following discussions, we focus on these two criteria and 
examine the two phonemic analyses of Cantonese vowels. 
As we have pointed out in the preceding section, one of the controversies 
between the two alternative analyses of Cantonese vowels lies in the different ways 
of pairing the non-low long and short vowel phones. To be more specific, linguists 
have different views on how to pair the short mid vowels [i] and [u] with the long 
vowels； which crucially affects the analysis on the whole system. 
Some linguists (Kao 1971, Lee 1983 1985, K.-H. Cheung 1986, Li et al 1995, 
Bauer and Benedict 1997, among others) recognize a long/short vowel distinction in 
the mid front unrounded vowels [s:] and [i], the mid front rounded vowels [oe:] and 
[0], the mid back rounded vowels [o:] and [u], as well as in the low vowels [a:] and 
[B], typically represented by an eleven-phoneme system of Cantonese vowels, as 
shown in Table 2.4a. ^^  
Nevertheless, some other linguists (Wong 1941, H-N. Cheung 1972, 
14 Later in the lectures he gave in Taiwan, Chao (1959) regards 'a simple and symmetric system' as • 
one of the three primary and required conditions for forming a phonemic system, and puts 
'parsimony in the total number of phonemes' into the three subsidiary conditions. -
15 Hockett (1942:9) states that "two contrasting p-segments (single p-sounds or groups of such 
sounds) which occur in similar p-phonetic environments are to be analyzed as having similar 
structures; either they are both unit phones, members of different phonemes belonging to the same 
- functional class, or else they are similar clusters of two or more phones". Later he also glosses it as 
"symmetry both of phonemes and of allophonic variation" (Hockett 1955). 
The primary requirements include 'similarity', 'non-intersection', 'contrastive and complementary 
distribution', and 'completeness'. (Hockett 1942) 
17 Chao (1947) also recognizes a systematic vowel length distinction in the mid and the low vowels 
in Cantonese, as in the long/short pairs /E:/ and /e/, /o:/ and /o/, as well as in /a:/ and /B/. However, 
in his analysis, the short rounded phoneme /o/ consists of the allophones [u], [o] and [e], so that the 
long mid rounded vowel /oe:/ has a single allophone [oe:], and does not have a short member. He 
also groups [y:] and [u:] into a single phoneme /u:/, given the fact that they are in complementary 
distribution with respect to onsets, so that his system has nine vowel phonemes. 
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Yue-Hashimoto 1972, Wang 1999, among others) regard [i] and [u] as the 
allophones of the long high vowels [i:] and [u:], respectively, and also the short mid 
front rounded vowel [0] as the allophone of the long mid front rounded vowel [oe:], 
as the members of these three pairs of vowels are all in complementary distribution 
with each other with respect to the coda (in Standard Cantonese), which can be 
seen from Table 2.2. Therefore, the long high front vowel [i:] and short mid front 
vowel [I], the long mid front rounded vowel [oe:] and short mid front rounded vowel 
[0], as well as the long high back vowel [u:] and the short mid back vowel [u] are 
grouped into a distinctive phoneme, respectively, so that there is no contrast of 
vowel length being recognized for the non-low vowels. This view is typically 
represented by the eight-phoneme system of Cantonese vowels as shown in Table 
2.4b.i8 
Table 2.4 Comparison of the two analyses of the Cantonese vowel system^^ 
a. eleven-phoneme system b. eight-phoneme system 
[i：] [y:] [U：] 网 [ y ： ] [ m 
W\ [ M l I j i l I I M 
回 [ r a i r r a i [ M 
[E:] [oe:] [ � : ] [e：] [oe:] [ � : ] 
回 W . . 
g [a:] 
The different ways of pairing the long/short vowels in the two analyses 
18 However, Wong (1941) identifies a ten-phoneme system of Cantonese, as he regards [e] and [o] as 
two distinctive phonemes /e/ and / � / , although they are in complementary distribution with [e:] and 
[3:], respectively. Scholars also have different analyses on the mid vowel phones that followed by 
off-glide (see Barrie 2003 for more details). Moreover, Barrie (2003) takes the short vowel [0] as the 
representative phonemic symbol for the mid front rounded vowel, differing from the other linguists. 
19 Here we follow the way of presenting the grouping of vowel phones in Kao (1971). The enclosure 
of two phones in a single box with no horizontal line between them indicates the grouping of these 
phones into a single vowel phoneme. Further, the single horizontal line between two boxes indicates 
the two vowel phonemes contrast in vowel length. 
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essentially refer to the issue whether a vowel length distinction should be 
recognized in Cantonese. Three arguments can be presented in favor of the 
eight-phoneme analysis which does not recognize a systematic vowel length 
contrast in Cantonese. First, as shown in Table 2.4b, the complementary 
distributions of the non-low long/short vowel pairs indicate the differences 
between the long and short vowels are conditioned by the coda consonants. 
Second, the eight-phoneme analysis results in a more economic system with fewer 
vowel phonemes postulated than the eleven-phoneme analysis. Third, the long and 
short vowels differ in both vowel quality and duration, and the pairing of the 
non-low long and short vowels, as shown in Table 2.4a, might seem arbitrary. The 
final point has also given rise to the view of some scholars that duration is an 
accompanying phonetic feature of vowel quality even for the low vowels (Wong 
1941, Liu 1987 2003, Wang 1999). 
For the eight-phoneme analysis, the appearance of the long/short non-low 
vowel phones can be predicted by the coda consonants, so that the members of the 
long/short pairs should be grouped into a single phoneme. However, as pointed out 
by Kao (1971), the patterns of co-occurrence of the short vowel phones and the 
codas lack consistency: the high vowels /i:/ and /u:/ become short before velar 
codas, while the mid front rounded vowel /oe:/ remains long before velar codas. 
Furthermore, inconsistency also occurs in the patterns of variations of vowel quality 
between the underlying long vowels and the allophonic short vowels: long vowels 
[i:] and [u:] are paired with lower short vowels [i] and [u], respectively, but long 
vowel [oe:] is paired with a higher short vowel [0]. 
Wang (1999) and Barrie (2003) try to argue for a unique pattern of the 
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complementary distribution of non-low tense/lax vowels�® with respect to codas. 
Disregarding the durational properties of vowels, Wang (1999) proposes the feature 
Advance Tongue Root [ A T R p and a co-occurrence restriction between vowel and 
coda in Cantonese, which forbids vowels with the feature [+ATR] to occur before 
velar codas. The constraint can be illustrated in (2.2)22: 
(2.2) * a 
V C 
I I 
[+ATR] [+back, -continuant] 
In Wang's analysis, the vowels [i], [y], [u], [e], [0] and [o] are all tense, while 
[i], [u], [e], [oe] and [0] are all lax vowels; all the tense vowels have the feature [+ATR] 
so that they cannot co-occur with velar codas, while all the lax vowels can be 
followed by velars as they are [-ATR]. This assumption provides a unique 
explanation for the legal combinations of [ig/k], [ug/k] and [oeg/k], as well as the 
illegal rhymes of *[ig/k], *[ug/k], and *[0q/k] in Cantonese. However, the analysis 
causes other contradictions. First, as Wang takes /oe/ as the underlying phoneme of 
the mid front rounded vowel, the co-occurrence restriction in (2.2) cannot forbid 
the combination of [oen] or [cet] in colloquial Cantonese,^^ and she will need 
another restriction as shown in (2.3) to prohibit the co-occurrence of lax vowels and ‘ 
2° Note that the term 'tense/lax vowels' is not equal to 'long/short vowels' in Wang (1999) and 
Barrie (2003). We will discuss this point in the later paragraphs. 
21 This feature is used to distinguish two sets of vowels that differ mainly in the size of the pharynx. 
The vowels which are produced with the root of the tongue drawn forward and the larynx lowered 
are called [+ATR] vowels, while the vowels produced without advancement of the tongue root or 
lowering of the larynx are called [-ATR] vowels. It is a useful feature for describing a number of West 
African languages (such as Akan spoken in Ghana) and other languages which show vowel harmony 
phenomena. (Ladefoged 1993, Ladefoged and Maddieson 1996) 
22 This is adopted from the figures provided by Wang (1999) and by Barrie (2003). 
23 Referring to Footnote 11, the rhyme [oe:t] exists in colloquial Cantonese words, while [oe:n/t] also 
appears in modern-day Hong Kong Cantonese due to an ongoing sound change. 
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alveolar codas: 
(2.3) * a 
V C 
1 I 
[-ATR] [-back, -continuant] 
However, the constraint in (2.3) will also forbid the combination of the lax vowel [o] 
and alveolar codas, which does exist in the Cantonese rhyme s y s t e m . A l s o , the 
asymmetry in pairing underlying phonemes with their allophones still exists in 
Wang's analysis. The high vowels [i] and [u] having the feature of [+ATR] vary with 
their allophones with the [-ATR] feature, while all the mid vowels with the [-ATR] 
feature varies with their allophones with the [+ATR] feature. 
Barrie (2003) alternatively proposes M as the underlying form for the mid 
front rounded vowel occurring before nasal and oral stops, and proposes /a/ as the 
underlying phoneme for [e], [0] and [o] occurring before off-glides so that 
phonemes /e:/ and / � : / lose their tense allophones. Therefore, the pattern of 
derivations from the underlying phonemes to the surface allophones becomes 
consistent: the tense phonemes /i:/, /u:/ and I0/ are all restricted by the constraint 
in (2.2) and become their lax allophones [i], [u] and [oe:] when they appear before 
velar codas, respectively; otherwise, they retain the tense or [+ATR] feature, as 
when they occur before alveolar codas. Nevertheless, assuming I 0 I as the 
underlying phoneme for [oei] and [0] will encounter the difficulty in explaining why 
[oe:] can appear in open syllables while [0] cannot,^^ so that the consequent analysis 
24 Wang (1999) also realizes this shortcoming, and therefore, she revises the transcriptions of [on] 
and [ot] to [on] and [ot], respectively. As the division of tense and lax vowels plays a crucial role in 
her analysis, it seems too arbitrary to change the tense/lax nature of a vowel in the transcription 
only for the purpose of making everything fitting into her assumption. 
25 Barrie says the reason is due to the bimoraic constraint in Cantonese syllables. Since [0] only has 
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in Barrie's study should be questioned. 
A crucial challenge to Wang (1999) and Barrie (2003) also lies in the way 
they divide tense and lax vowels. They use the feature [ATR] to identify and define 
the difference between tense and lax vowels in Cantonese: vowels with higher 
tongue position are produced with Advanced Tongue Root and therefore are tense; 
while vowels with lower tongue position are produced with Retracted Tongue Root 
and therefore are lax. However, it is very problematic to link the terms tense and lax 
with the feature [ATR] so simply, without considering the durational feature of the 
vowels and their distributions with respect to the syllable structure?^ Furthermore, 
there is no empirical evidence to support the claim that Cantonese vowels [i:], [y:], 
[u:]； [e], [0] and [o] are all produced with advancement of tongue root or a 
comparatively larger pharyngeal cavity. 
To conclude the analyses on the complementary distributions of the 
long/short vowel pairs presented in the eight-phoneme analysis, the 
inconsistency/asymmetry in the patterning of long/short or tense/lax vowels 
one mora, and [oe:] has two, [oe:] must appear when there is no coda. This explanation then comes 
back to the length issue, it still cannot stand, however, as the only trigger for the tense vowel /o/ 
losing its [+ATR] feature and becoming a lax vowel [oe] owes to the velar codas in his analysis. It lacks 
such kind of trigger in open syllables, and the phoneme /0/ can simply become [0:] when gaining a 
mora. 
26 In the SPE model (Chomsky and Halle 1967), the two differences between tense and lax vowels 
are (1) tense vowels are articulated with greater deviation from the neutral position of the vowel • 
tract than the lax vowels, and (2) tense vowels have markedly longer duration when the articulatory 
configuration remains still. However, Ladefoged (1971, 197^/393) claims that tense and lax are -
more like phonological labels rather than have clear phonetic definitions in the analyses of Germanic 
languages. In most cases, they are retained to specify phonologically determined sets of vowel. In 
Germanic languages, tense vowels are the vowels that can occur in (stressed) open syllables, while 
lax vowels are restricted to closed syllables. In the study of four south-east Asian languages, 
tense/lax contrast is shown to relate to the phonation type, and an alternative terminology is 
suggested (Maddieson and Ladefoged 1985). 
The feature [+/-ATR] is used to describe two sets of vowels that differ mainly in the size of the 
pharynx. (Ladefoged 1975/1993) For example, vowels with [+ATR] in Akan sometimes are produced 
with the root of the tongue being drawn forward or the larynx being lowered or both, so that the 
part of the vowel tract in the pharynx is considerably enlarged. In English, although a more advanced 
tongue root has been found in the high vowels [i] and [u] than in the mid-high vowels [i] and [u], "it 
is less appropriate for describing the difference between other tense-lax pairs of English vowels" 
(Ladefoged 197^1993:227). 
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cannot be resolved even when the [ATR] feature and co-occurrence restrictions are 
proposed. 
The eleven-phoneme analysis presents a more congruent pattern in pairing 
the long and short vowels concerning the entire system, with vowel duration being 
utilized as a relevant feature in the phonemic system of Cantonese vowels. Kao 
(1971) provides a detailed explanation on the pattern congruity implicated in the 
eleven-phoneme system, highlighting the important role of vowel duration in the 
whole system, which is shown in the acoustic measurements in her study. 
Table 2.5 Long and short vowels in an eleven-phoneme system 
a. Long vowels: b. Short vowels: 
i: y: u: 
E： oe: 0： e 0 o 
a: B 
As shown in Table 2.5, all the mid and the low vowels contrast with a higher 
position short vowel. As the high vowels occupy the highest position in vowel space, 
they do not have any short counterparts. Also, high vowels /i:/, /y:/ and /u:/ pattern 
congruously in the sense that they cannot be followed by velar codas. Further, long 
vowels can occur in open and closed syllables, while short vowels can only appear 
in closed syllables. Therefore； this system best correlates the difference between 
vowel duration and vowel quality, as well as the difference between vowel duration 
and syllable structure. 
Although the eleven-phoneme system has three more phonemes than the 
eight-phoneme system, it reflects more clear and congruent relations between the 
long and short vowels in Cantonese. When the eight-phoneme system has fewer 
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phonemes； it requires more rules to derive the surface long and short vowels, and 
misses the symmetry relations in the long-short vowel patterns. 
As the members of the long and short vowel pairs differ in both duration 
and vowel quality, an important challenge to the eleven-phoneme account comes 
from whether duration serves as a distinctive feature in the vowel contrasts. If 
duration is only an accompanying phonetic property of vowels, the difference 
between so called long and short vowels can be simply represented by vowel 
quality. However, while no minimal pairs differ purely in vowel duration, no minimal 
pairs differ exclusively in vowel.quality either； as shown in (2.4): 
(2.4) Examples of minimal pair words contrasting in vowel length in Cantonese 
/e:/vs./i/ - [le:q33] 'beautiful' vs. [Ieg33] 'shining' 
[se:k22] 'rock' [sik22] 'eat' 
/o:/ vs./o/ - [t^o;g25] 'candy' vs. [t^og25] 'bucket' 
[mo:k22] 'veil' [mok22] 'wood' 
/a:/ vs. M - [ka:j55] 'street' vs. [k-ejSS] 'chicken' 
[sa:m55] 'clothes' [s^mSS] 'heart' 
[ta:p22] 'pile' [tep22] 'beat' 
Furthermore, as we will show in the following section, the contrasting 
minimal pairs differ systematically in vowel duration with salient magnitude while 
they overlap in vowel space. Therefore, although whether duration should be 
established as a primary feature in the vowel length contrast in Cantonese requires 
further exploration； the distinction of vowel length pairs perceived by 
Cantonese-speaking people is manifested in the phonetic differences in both vowel 
duration and quality. In other words, Cantonese speakers or acquirers need to 
process the differences of vowel duration and vowel quality in order to distinguish 
minimal pairs of words contrasting in vowel length. 
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To summarize, our analysis highlights the salience of vowel length in the 
language as will be demonstrated by the acoustic data, as well as pattern congruity. 
Our analysis is therefore preferred to the alternative accounts. 
2.1.4 Status of vowel duration in Cantonese vowel length contrasts 
In the preceding section, we have compared two alternative accounts of the 
Cantonese vowel system, and motivated the analysis adopted in this study, which 
recognizes four pairs of contrasting long and short vowels in the system. In this 
section, we will further explore the phonological status of vowel duration in 
Cantonese vowels. 
Any phonological analysis of Cantonese vowels must recognize the fact that 
both quantity and quality are essential attributes of vowel length in Cantonese, in 
that differences in vowel duration and vowel quality are systematically found 
between members of a vowel length pair in production, and that both duration and 
quality serve as perceptual cues for the identification of the long and short vowels 
of a vowel length pair. 
As mentioned in the preceding section, Wong (1941) points out that the 
non-low vowels fall in complementary distributions with the long vowels with 
respect to codas, and the contrast of the low vowel pair can be denoted by quality 
distinction, so in his analysis of Cantonese vowel system, only quality is represented. 
Liu (1987, 2003) and Wang (1999) further emphasize the essential role of vowel 
quality in Cantonese phonology with respect to vowel contrast, and consider the 
duration differences as an accompanying phonetic feature. Some other researchers 
of the eight-phoneme account, taking a compromise position； admit the 
phonological role of distinctive duration for Cantonese, but restrict its role to a 
single pair of vowels, i.e. the low vowel pair (Yuan 1960, H.-N. Cheung 1972, 
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Yue-Hashimoto 1972). 
Nevertheless, acoustic studies on Cantonese vowels provide strong evidence 
for the systematic durational differences between the long and short vowels, and 
for the large degree of overlap in acoustic vowel space between the members of a 
long and short vowel pair, indicating that vowel duration is a robust property of 
vowel length in Cantonese and further implying that vowel quantity may also serve 
as a distinctive feature in Cantonese, which can be applied to the entire vowel 
system, as suggested by Chao (1947), Kao (1971), Lee (1983, 1985), K.-H. Cheung 
(1986), Li et al (1995), Bauer and Benedict (1997), and Zee (1999). 
In an early insightful phonological study based on acoustic data, Kao (1971) 
measured the durations of Cantonese vowel nuclei and syllables. Two native 
speakers of Hong Kong Cantonese were recorded with a list of 24 items of 
monosyllabic or disyllabic words or phrases, consisting of 45 syllables covering all of 
tha vowels in Cantonese. The recordings were transferred to optical sound film 
from tapes. The duration of the nucleus portion of each syllable was measured on 
the film, by identifying periodic repetitions of the wave form and greater amplitude, 
and then the measurements were converted into milliseconds.^^ The results of the 
duration of vowel nuclei are shown in Table 2.6, 
In Kao's measurements, the average values of long and short vowels are 226 
ms versus 95 ms, with the tokens of various types of syllable structure and coda . 
environment from different subjects grouped together. It is also found that long 
vowels in open syllables have the longest durations, and the long vowels in closed 
syllables are generally twice as long as the short vowels. Based on these acoustic 
findings, Kao claims that vowel quantity serves as the primary feature in the 
opposition of long and short vowels in Cantonese, and accordingly, she patterns . 
The electronic switch and sound spectrographs were used to recheck a few uncertain cases. 
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Cantonese vowels with a symmetric quantity distinction. 
Table 2.6 Duration of vowels in average value and range adopted from Kao (1971: 
49) 
Vowel duration Vowel duration 
Syllable type Token (Subject 1) (Subject 2) Average一 
(0)V: 11 303 (229-346) 314(250-381) 308 (229-381) 
OV:C-p 5 216 (193-236) 189 (150-208) 203 (150-236) 
(0)V:Cp 14 170 (125-213) 168 (125-215) 169 (125-215) 
OVC-p 5 98 (63-129) 102 (76-120) 100 (63-129) 
OVCp 10 85 (69-104) 93 (63-125) 89 (63-125) 
*-C-p : other than /p, t, k/ endings; -Cp : /p, t, k/ endings. 
The general findings of Cantonese vowel durations in Kao's study are 
confirmed by other acoustic studies. Lee (1983, 1985) tested 28 mono-syllabic 
words in a carrier sentence (rather than citation form in Kao's study) repeated for 
three times with six subjects, three from Guangzhou and three from Hong Kong. 
The long and short vowels also differ strikingly in duration in all of the subjects, 
with the long-to-short durational ratios of vowels before nasal and stop codas 
approaching 2 to 1. The acoustic measures in a serial studies of Shi and Liu (2002), 
Shi and Mai (2003), and Shi and Liu (2005) also support the noticeable durational 
differences between long and short vowels. Particularly, Shi and Mai (2003) 
measured the durations of the low vowel pair of [a:] and [B] in different minimal 
contexts, including isolated monosyllabic words, the first morphemes of disyllabic 
words, the second morphemes of disyllabic words, and the monosyllabic words in 
sentences. The results show that [a:] and [B] have a durational ratio greater than 2 
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to 1 in all contexts except for the last one (i.e. monosyllabic words in sentences), in 
which [a:] is 1.45 times as long as [B]. 
Furthermore, Lee (1983, 1985) calls attention to the generally 
non-overlapping durational ranges of long and short vowels. In his data, the ranges 
of durations for long vowels are clearly distinct from those for short vowels in the 
same coda environments in the six subjects, while the general durations of long 
vowels, regardless of specific coda environments, slightly overlap with the durations 
of short vowels in two of the six subjects.^^ Similarly, this observation can also be 
obtained in Kao's data. 
When the long and short vowels in Cantonese are attested to have 
systematic differences in duration, and the durational ranges do not overlap when 
produced In similar speech rate by the same subject, vowel form ant analyses 
indicate overlap between the long and short vowels of a vowel pair in the vowel 
space. In Lee (1985), [E:], [O:], [a:] overlap with [e], [OP, [B] in vowel space, 
respectively； in three of the six subjects (see Figure 2.1), while the two members of 
some pairs overlap in the other three subjects. It is quite obvious that the long and 
short vowels in these vowel length pairs occupy a very close or similar space in all 
of the six subjects. These findings are further confirmed in the later study of Shi and 
Liu (2005)； which also reports overlaps in vowel space between the members of •. 
three vowel length pairs in two informants (one from Guangzhou and one from 
Hong Kong), as shown in Figure 2.2. The Hong Kong subject even shows an overlap 
of [oe:] and [e] in vowel space. 
The durations of long vowels before stop codas have a small overlapping with the durations of 
short vowels before nasal codas one of the subjects from Guangzhou and one of the subjects from 
Hong Kong. , 
29 Lee uses [i] and [u] instead of [e] and [o], respectively, in the study, following the traditional 
analysis by Yue-Hashimoto (1972) and H.-N. Cheung (1972), but uses [e] instead of [0], following 
Chao (1947) and Kao (1971). 
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Figure 2.1 Vowel spaces of a subject from Guangzhou (in the left panel) and a 
subject from Hong Kong (in the right panel) (Lee 1985) 
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Figure 2.2 Vowel spaces of the vowels in closed syllables (except those preceded by 
glide initials) of the Guangzhou (left) and Hong Kong (right) speakers (Shi and Liu 
2005) 
The findings of the formant analyses of Cantonese vowels cast doubt on 
whether vowel quality is primarily distinctive in the vowel length pairs, given the • 
fact that the long and short vowels in a vowel length pair overlap in vowel space, 
implying they might not be able to signal contrastive meanings exclusively by vowel 
quality. It is therefore hypothesized that the salient durational differences between 
long and short vowels serve a crucial distinctive function. However, perceptual 
studies are still required to justify the implications from acoustic data. 
30 
Perceptual studies on native speakers' differentiation of a vowel length pair 
Indicate that both vowel quality and vowel quantity are indispensable cues for 
vowel length in Cantonese. (Shi and Liu 2002, Shi and Mai 2003). Shi and Liu (2002) 
conducted an experiment to test the differentiation of the low vowel pair [a:] and [B] 
in Hong Kong Cantonese speakers, by modifying the duration of vowel nuclei as well 
as that of codas. They first recorded 11 pairs of monosyllabic words contrasting 
minimally in [a:] and [B] before glide, nasal； and stop coda environments from two 
native speakers, and then modified the durations of vowel nuclei by cutting short 
the steady state of a long vowel in accordance with the durational values of the 
corresponding short vowel, and copying and pasting a portion of the steady state of 
a short vowel to lengthen it, so that the modified long vowel had the duration of 
the short vowel in the minimal word pair； while the modified short vowel became 
as long as the long vowel in the same pair. They also inversed the durations of the 
codas in the minimal pairs ending with glides and nasals. Therefore, the durational 
patterns of the long-vowel rhymes were shifted to those of short-vowel rhymes, 
and conversely. For example, the pair of [aim] and [^m:] was modified as [am:] and 
|>:m]. They then recruited about 30 native speakers to listen to both set of test 
stimuli from the two subjects, respectively. 
The results show that around 85% of the responses identified the shortened . 
long vowels in minimal word pairs as short vowel words for both sets of test stimuli. 
However, for the lengthened short vowels, 45% of the responses were identified as 
the corresponding long vowel words for the second set of stimuli, having a 
long-to-short durational ratio of 3:1. For the first set of stimuli, which had a 
long-to-short-vowel ratio of 2:1, only 16% of the responses identified them as long 
vowel words. Shi and Liu concluded from the results that the vowel length ‘ 
distinction in the low vowel pair [a:] and [2] crucially involves both quantity and 
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quality. The durational information is crucial in perceiving the short vowel, while 
vowel quality might serve as a more important cue in identifying the long vowel. 
Furthermore, when the short vowel is lengthened to a greater magnitude, it will 
increase the likelihood of native speakers in identifying the lengthened short vowels 
as long vowels. Similar results have been found in the Guangzhou native speakers, 
who were tested with the minimal pair of [a:] and [B] in different linguistic contexts 
(Shi and Mai 2003). 
Strictly speaking, the two studies testing the identification of [a:] and [B] in 
Cantonese speakers cannot be taken as well-controlled perceptual experiments, 
since the stimuli were based on a manipulation of naturalistic speech rather than 
fine-tuned synthesized material. Despite this weakness； the two studies reveal the 
important influence of vowel duration on the differentiation of the vowel length 
pair. These studies are compatible with the acoustic production data in that to a 
certain extent Cantonese speakers cannot distinguish vowel length exclusively by 
vowel quality, so that both vowel duration and vowel quality must be distinctive 
components of Cantonese vowel length. 
2.2 Vowel length and the prosodic structure of Cantonese syllables 
So far we have introduced the vowel system in Cantonese, presented and motivated 
our analysis of Cantonese vowel length, and further discussed the status of duration 
in Cantonese vowel length. In this section, we turn to the prosodic aspect and look 
at the relation between vowel length and Cantonese prosody. We will first 
summarize the durational properties of vowel length in Cantonese, and investigate 
their relationship with syllable structures: What phonological implications can one 
draw from the relationships between vowel length and syllable duration? We will 
then hypothesize a prosodic model with the purpose of capturing the properties 
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reflected in vowel length and syllables in Cantonese. -
2.2.1 Durational properties of Cantonese vowel length and syllable structure 
As discussed in Chapter One, vowel length is an integral part of the prosodic 
structure of a language, governed by higher level prosodic units. Therefore, the 
possible variations in vowel length and interactions between vowel length and 
codas should shed light on the possible (minimal or maximal) syllable weight/size of 
the language. For example； Japanese vowels can be short or long in open syllables, 
and a coda can be furthered added to a long vowel in some cases (see Vance 1987), 
showing that syllables in Japanese have three degrees of distinction in weight. In 
Cantonese, however, the durational patterns of vowel length in relation to syllable 
structure reveal that the Cantonese rhyme is constant in duration, suggesting a 
constant syllable weight/size in Cantonese. 
The Cantonese rhyme has a relatively constant duration, reflected in three 
salient durational features of vowel length in relation to syllable structure revealed 
in earlier studies and in our own data: the 3:2:1 durational ratio among the long 
vowels in open syllables, the long vowels in closed syllables and the short vowels in 
closed syllables; the evident 2:1 durational ratio of the contrasting long and short 
vowels In closed syllables; and the complementary relationship between the 
durations of the vowel and the coda. We will demonstrate these three features with . 
acoustic evidence, with special focus on the third feature, and discuss their 
phonological implications for our analysis of the syllable weight/size of the 
language. 
First, the durations of long vowels in open syllables, long vowels in closed 
syllables and short vowels in closed syllables show a clear 3:2:1 ratio. The relative , 
durational ratios in the acoustic studies of Kao (1971), Lee (1983,1985), Zee (1995), 
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and Shi and Liu (2005) are summarized in Table 2.7. If we take the duration of short 
vowels (which only occur in closed syllables) as 1, the durations of long vowels in 
open syllables and of long vowels in closed syllables have been reported to be 3.25 
and 1.94 by Kao (1971), 3.08 and 1.96 by Lee (1985), 2.83 and 1.57 by Zee (1995), 
and 2.83 and 2.17 by Shi and Liu (2005). These figures point to an approximate 
value of 3:2:1 among the three types of syllables. 
Table 2.7 Vowel durations and relative ratios in four studies (in ms) 
Kao 1971 . Lee 1983，1985 Zee 1995^° Shi and Liu 2005 
duration ratio to duration ratio to duration ratio to duration ratio to 
short vowel short vowel short vowel short vowel 
Long vowels in 
open syllables 309 3.25 280 3.08 334 2.83 407 2.83 
Long vowels in 
closed syllables 186 1.94 178 1.96 185 1.57 247 2.17 
Short vowels in 
closed syllables 95 | 1 | 91 | 1 | 118 | 1 144 [ 1 
Table 2.8 Mean duration of vowel nuclei, coda, and rhyme in the Cantonese 
syllables used as experimental stimuli (in m s p 
Coda Long-vowel rhymes Short-vowel rhymes Long-short 
environment vowel coda rhyme V-C ratio vowel coda rhyme V-C ratio vowel ratio 
off-glides 
/Lw/ 217 132 348 1.7:1 110 222 332 1:2.1 2.0:1 ‘ 
nasals 
/m, n,g/ 241 136 376 1.8:1 112 201 309 1:1.8 2.2:1 
stops 
166 119 285 1.7:1 84 198 282 1:2.4 2.0:1 
3° The durations of long and short vowels in closed syllables in Zee 1995 only include the vowel 
durations in syllables with oral stop codas. . 
31 The mean duration on values for rhymes with glide, nasal and stop codas are based on 4 , 1 2 and 
11 syllables respectively, for both long-vowel rhymes and short-vowel rhymes with low and mid-low 
vowels (except that the glide codas are only combined with low vowels). 
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Second, the long vowels in closed syllables contrast with short vowels, 
which only occur in closed syllables, with a distinct 2:1 ratio. The ratio of 2:1, shown 
in the durations of long vowels in closed syllables and short vowels in closed 
syllables from earlier measurements (cf. Table 2.7, 2.9 and 2.10), receives further 
confirmation from our recording of a female native speaker of Hong Kong 
Cantonese, which was used as the experimental stimuli in our Actual Word Test 
reported in Chapter Five. Twenty-seven pairs of monosyllabic words contrasting 
minimally in vowel length were produced in a carrier sentence and recorded in a 
randomized order.^^ Table 2.8 shows the durations of the vowels, codas and rhymes 
of closed syllables with different codas for both long and short vowel rhymes. The 
durational ratios of the long to short vowels ranged from 2.0 to 2.2 among different 
coda environments, indicating that indeed the durational ratio of 2:1 for the long 
and short vowel members of a vowel length pair proves to be a robust relationship. 
Table 2.9 Durational ratio analysis of the data from Shi & Liu 2002 (means of ratios 
32 The acoustic data were analyzed in the 5.1.13 Version of PRAAT (Boersma 2001, Boersma & 
Weenink 2009): 
The vowel duration was measured from the onset of the periodic waveform accompanied by the 
presence of formants in the broadband spectrogram to the onset of the following consonants. 
The duration of off-glides was measured from the point of significant change of up-going or 
down-going F1 and F2 to the offset of F l , so that the portion of transition was included in off-glides. 
The duration of nasal codas was measured by the span from the significant weakening of F2 of the 
preceding vowel to the offset of F l , which were also checked by the change of the shape of 
waveforms. ‘ 
The offset of oral stop codas is difficult to determine, as they are unreleased or partially released. 
In our study, however, the target words were recorded in a carrier sentence (see Chapter Five for ‘ 
details), so the duration of the unreleased stops was measured from the significant weakening of the 
preceding vowel formants to the onset of the fricative noise of the following word /how25/. 
35 
of paired long/short rhymes) 
Speaker 1 (in medial speech rate) glide coda nasal coda stop coda 
(5 pairs/tokens) (4 pairs/tokens) (2 pairs) 
Long-short vowel ratio 1.73:1 2.42:1 2.21:1 
V-C ratio in long-vowel rhymes 1.82 :1 1.69 :1 -
V-C ratio in short-vowel rhymes 1:1.29 1: 2.40 -
Short-vowel rhyme to long-vowel q 84 g 87 -
rhyme ratio 
Table 2.10 Durational ratio analysis of the monosyllabic words/morphemes from Shi 
& Mai2003, in which only mean values of vowel duration before glide and nasal 
codas and the corresponding values of rhyme durations are provided (ratios of 
mean durations of long/short rhymes) 
(10 long-short pairs for single words morpheme morpheme words in a 
each linguistic contexts) of disyllabic of disyllabic carrier 
words words clause^^ 
Long-short vowel ratio 
2.04:1 2.13 :1 2.40:1 1.45 :1 
V-C ratio in long-vowel 
1.61:1 1.78 :1 1.93 :1 2.22:1 
rhymes 
V-C ratio in short-vowel 
1:1.82 1:1.96 1:1.92 1:0.95 
rhymes 
Short-vowel rhymes to . 
0.85 0.90 0.80 0.93 
long-vowel rhymes ratio 
A third salient feature of Cantonese vowel length is reflected in the V to C 
ratio in Table 2.8: a clear complementary durational relationship between vowel 
and coda in closed syllables can be observed. In long vowel rhymes, the durational 
33 It is unclear whether only minimal pairs were recorded in an identical carrier clause, although the 
authors claimed so. The only long-short pair sample reported in this linguistic context is: a) kumSS “ 
ziiwSSjuwlS mowl3 man. 13 nwil3 aa33 (今朝有打買米啊,and b) ksmSSzi:w55jewlS mowl3 
mBj'lS ma:J13 aa33 (今朝有行啊,which does not seem to form a minimal pair. 
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ratio of the vowel to the coda is approximately 1.8:1; In short vowel rhymes, the 
relationship is reversed, with the durational ratios of the vowel to the coda ranging 
from 1.8:1 to 2.4:1. Therefore, the durations of short-vowel rhymes approximate 
those of long-vowel rhymes, though the durations of short vowels are only half of 
the durations of long vowels: the durational differences between long and short 
vowels are largely compensated by the coda durations. This compensatory 
durational relationship between vowel and coda can also be observed when we 
analyze the measurements of test stimuli in previous perceptual studies. For the 
Hong Kong male speaker in Shi and Liu (2002), the durational ratio of the low vowel 
to the nasal coda in the long-vowel rhymes is about 1.7:1, while the corresponding 
ratio in the short-vowel rhymes is 1:2.4 (see Table 2.9).^'^ Also, in the later study, Shi 
and Mai (2003) measured the duration of the low vowels and the rhymes in 
different linguistic contexts (see Table 2.10), and the compensation between the 
durations of the vowel and the sonorant coda can be found in all linguistic 
environments: the V-C ratios in long-vowel rhymes range from 1.61:1 to 2.22:1, 
while the V-C ratios in short-vowel rhymes generally range from 1:1.82 to 1:1.96 
(expect for the words recorded in a carrier clause).^^ 
The complementary relationship between the vowel and the coda in 
Cantonese rhymes was first detected by Chao (1947), but he uses the terms 'strong' 
and 'weak' rather than the notion of duration in describing the impressionistic 
34 However, the compensatory relationship between the duration of the vowel and the off-glide is 
not obvious, which might be due to the way of segmentation of the off-glide codas. Shi and Liu do 
not specify whether they have included the transition portion between the vowel and off-glide in 
the duration of codas. In an earlier acoustic study on the internal temporal organization of syllables 
by Shi (1995), he segments the vowel and off-glide by identifying the middle point of the transition 
portion in time dimension. 
35 For the recoded words in a carrier clause, although the coda durations only approximate the 
durations of the vowels in short-vowel rhymes, the durational differences between long and short 
vowels in this context are still compensated by the durations of codas, given that the mean duration 
of short-vowel rhymes is 93% of that of the long-vowel rhymes, while the mean duration of short 
vowels is 69% of that of the long vowels. 
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difference in codas: 
"An ending is strongly or weakly articulated according as the vowel is short 
or long. Thus, an has a short a and a strong -n, while aan has a long a and a 
weak-A?/'(Chao 1947:22) 
Although the auditory prominence of 'strong' and 'weak' can be manifested in 
different phonetic parameters, Chao recognizes a similar complementary 
relationship between the vowel and the coda in Cantonese rhymes, given that the 
rhyme as a whole unit generally maintains a constant level of prominence 
regardless o f vowel length. Later similar descriptions are also provided by Chen & 
Bai (1958) and Yuan (1960). This early description of Chao's points to the 
phonological significance of the variations in coda duration.^^ 
A possible reason why Chao does not employ the notion of duration in 
describing the coda difference between the long-vowel rhymes and short-vowel 
rhymes might be due to the difficulty in detecting the duration of stop codas, 
whose release is inaudible. He describes the difference in stop codas as 'come on 
strongly or weakly' according to the jareceding vowel is short or long, though the 
corresponding articulatory or phonetic manifestation has not been clarified. In fact, 
the duration of stop codas is simply ignored by many scholars when considering the 
duration of Cantonese rhymes or syllables. Yue-Hashimoto (1972) recognizes the 
complementary relationship between the vowel and the glide or sonorant coda in 
terms of duration, but denies such a relationship existing in rhymes ending with 
stop codas: 
36 This is an important description for our understanding of the phonological significance implicated 
by the variations of coda duration: long codas are perceived as strong units while short codas are 
auditorily weak, and they have contrast in terms of prominence. We will return to this issue in later 
discussion. 
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"When the vowel of a syllable is long, the ending is comparatively short, and 
when the vowel is short, the ending is comparatively long, except when the 
ending is a stop consonant." (Yue-Hashimoto 1972:90) 
However, one can cast doubt on the omission of the duration of stop codas from 
two aspects: phonetically, oral stops are sustainable sounds which typically involve 
a hold phase during the course of articulation, and this portion, whether it be silent 
(voiceless) or non-silent (voiced), serves as an integral part of stops in time 
dimension. Therefore, it is problematic to neglect the occlusion phase of stop codas 
in Cantonese, although they are voiceless and inaudible released. Phonologically, 
considering pattern congruity, we will expect stop codas to perform the same 
function as the glide codas and the nasal codas, falling in a similar complementary 
relationship with the preceding vowels. 
K.-H. Cheung (1986) provides a more systematic account than 
Yue-Hashimoto for the complementarity of durations between the vowel and the 
coda in Cantonese. On the one hand； he highlights the complementary durational 
relationship between the vowel and the coda, which is regarded as a crucial 
property of Cantonese rhymes, and further provides supporting evidence by 
comparing the durations of the vowels and the syllables ending in glide and 
sonorant codas in the acoustic measurements of Kao (1971). On the other hand, he 
advocates a systematic pattern of complementarity between vowel duration and 
coda duration among all coda environments, so that the duration of stop codas is 
believed to have the same contribution to rhyme duration as the other types of 
codas. 
K.-H. Cheung's insightful prediction on the complementary relationship , 
between the durations of vowels and stop codas is borne out in two later 
39 
independent acoustic studies. In the discussion of the internal durational properties 
of syllables in Cantonese and Sui language, Shi (1995) highlights the importance of 
the occlusive silent portion in the realization of stop codas. Similar to Chao, Shi 
argues for a 'strong' versus 'weak' difference in terms of so called 'occlusive degree' 
between the codas following short vowels and long vowels. In his acoustic 
measurement of Cantonese syllables with long and short low vowels, the durations 
of the stop codas in long-vowel rhymes and short-vowel rhymes present a reverse 
relationship, though this is not as prominent as in our data. In a more recent study 
on the durational properties of Cantonese syllables with stop endings, Zhang (2008) 
provides detailed observations on the durations of the occlusive silent portion of 
stop codas, which are investigated in syllables with all of the possible vowels. Her 
data reveal a robust pattern of complementarity between the durations of the 
vowel and the stop coda among the syllables with all of the four pairs of long and 
short vowels. ” Zhang's observation is further confirmed in our acoustic 
measurement shown in Table 2.8, indicating that the complementary durational 
relationship between the vowel and the coda serves as a systematic and salient 
characteristic of Cantonese vowel length as well as the rhymes. 
Given the three salient durational properties of Cantonese vowel length (to 
wit, the 3:2:1 durational ratio of the long vowels in open syllables, the long vowels 
in closed syllables and the short vowels in closed syllables, the 2:1 durational ratio 
of long to short vowels in closed syllables, and the complementary durational 
relationship between vowel and coda in closed syllables), Cantonese rhymes have a 
strong tendency to maintain a constant duration. First, the vowels in open syllables 
have the longest duration so as to compensate for the lack of a coda when 
compared to the rhyme duration of closed syllables. Second, variations in coda . 
37 See Table 3 in Zhang (2008). 
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duration compensate for the durational differences between the long and short 
vowels. Therefore, the rhymes in Cantonese preserve a roughly isochronous 
duration regardless of the differences in syllable structure. The isochrony of syllable 
duration in Cantonese has also been recognized by K.-H. Cheung (1986). 
It will not be difficult to infer the constancy of syllable weight/size in 
Cantonese, once the constancy of rhyme duration is recognized. The constancy of 
rhyme duration must be the phonetic manifestation of some prominent 
phonological property of Cantonese. The robust durational properties as reflected 
in the internal temporal organization of Cantonese rhymes hint at the important 
phonological status of duration in Cantonese prosody. 
2.2.2 Towards a constant syllable weight/size 
As shown in the preceding section, rhymes in Cantonese tend to maintain a 
relatively constant duration under the same speech rate, regardless of syllable 
structure. From this we infer that the constancy of rhyme duration stems from the 
constancy of syllable weight/size in Cantonese, which is often considered to be a 
language with a syllable-timed rhythm.^^ Therefore, there is no distinction of heavy 
and light syllables in terms of syllable weight in Cantonese. 
The constant weight/size of Cantonese syllables can also be supported by 
phonological evidence. Phonotactically, short vowels are not allowed in open 
syllables in Cantonese, showing that light syllables as defined in most of the 
38 Languages are traditionally grouped as 'stress-timed' or 'syllable-timed' in terms of rhythm. (Pike 
1946, Abercrombie 1964, 1967, among others) Impressionistically, Cantonese is regarded as 
syllable-timed (Bauer 1995). Mok (2008) conducted various acoustic measurements and confirm the 
syllable-timed nature of Cantonese speech. Her results also suggest that Cantonese is even more 
strongly syllable-timed than other similarly classified languages such as Mandarin, French and Italian. 
Furthermore, among all of the rhythmic measurements which test the variation of syllable durations, ‘ 
Cantonese ranks the lowest by three of the four measures, indicating the durations of syllables in 
Cantonese are generally constant. 
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prosodic theories (Hyman 1985, McCarthy and Prince 1986 1990, Hayes 1989 1991, 
among others) can hardly be found in Cantonese. Compared to most of the 
Germanic languages, such as English, which allows short vowels to occur in 
unstressed open syllables, Cantonese has neither lexical stress nor the distinction 
between heavy and light syllables. The weight/size distinction between the long 
and the short vowels is compensated by the following coda: when the vowel is long 
or heavy, the following coda is short or weightless; when the vowel is short or light, 
the following coda becomes long and contributes to syllable weight. 
Cantonese-speakers do not think that the long vowel syllables are stressed and the 
short vowel syllables are unstressed, or the former is more salient than the latter, 
even though the long vowel rhymes are phonetically slightly longer than the short 
vowel rhymes in most cases. To native speakers, the words [sa:m55] 'clothes/three: 
[sBm55] 'heart/deep' and [sa:55] 'sand' are equally robust (cf. Feng 1997, Chen 
2000). 
Another piece of phonological evidence comes from the pronunciations of 
English loanwords in Cantonese. All the stress patterns in the original English words 
are neutralized when the words are pronounced as loanwords in Cantonese. 
Further, the unstressed syllables in English are all lengthened so that they have 
similar duration as the original stressed syllables in Cantonese pronunciations, 
which are exemplified in the disyllabic and polysyllabic words in (2.5): 
(2.5) 
a. taxi ['t^aeksi] 的士 [tik55si:25] 
daddy [ 'dsdi] 爹 [te:55ti:ii] 
laser [丨 leiza] 雷射 [ k j U s e : � � ] 
sofa ['s3uf3] 梳化 [s�:55fa:2Y . 
percent [ps'sent] 巴仙 [pa:55si:n55] , 
b. saxophone ['saskssfsun] 色士風 [sik^^sii^^fug^^] 
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vitamin ['vaitsmin] 維他命 [WBjiifa:55rmg22� 
vanilla [va'nils] 芸呢 [WBn22nej55la:25] 
c. strawberry ['stroibgri] 士多啤梨 [si:22to:55pe:55lej25] 
d. number one [,nAmb3 'wAn] 巴溫 [iBm^^ pai^ ^WEn^ ]^ 
2.2.3 A prosodic model of Cantonese Syllables 
In this section, we put forward a prosodic model which could represent the salient 
durational features of Cantonese vowel length in relation to syllable structures. 
Before doing so, we first introduce the autosegmental moraic representation of 
Cantonese syllables proposed by K.-H. Cheung (1986). 
K.-H. Cheung (1986) was the first phonological study of Cantonese that used 
a autosegmental moraic model to analyze the sound pattern of the language. It was 
also the first to take acoustic data seriously as evidence for a particular 
phonological analysis. K.-H. Cheung's representation of syllable structure in 
Cantonese is outlined as below: 
(2.6) The moraic model of K.-H. Cheung (1986)39 
a. open syllable b. closed syllable c. closed syllable 
with a long vowel with a short vowel 
a a a 
八 八 八 •... 
H \i pi \i M-
K / M M • 
C V C V c c v c 
s a: s a: m s B m 
' s a n d '沙 ' c l o t h e s '衫 ' h e a r t '心 
39 For the convenience of comparing different models, we have adjusted the format of K.-H. 
Cheung's representation, by reversing the positions of moraic tier and the segmental tier. Our 
description of Cheung's model remains faithful to his ideas. 
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In K.-H. Cheung's representation, each syllable is assigned two moras. In 
mapping segmental material to moras for long vowels in open syllables, the first 
mora is shared by the vowel and the onset, while the second mora is mapped 
exclusively to the vowel. In this way, the onset will occupy 0.5 mora in duration, and 
the rhyme 1.5 moras. For long vowels in closed syllables, the first mora will be 
shared between onset and vowel, and the second mora will be shared between the 
vowel and the coda, so that the onset and the coda will each occupy 0.5 mora, and 
the vowel one mora; the rhyme wHI be 1.5 moras. For short vowels in dosed 
syllables, the first mora will be shared between onset and vowel, while the second 
mora will go to the coda exclusively. Thus the vowel will be 0.5 mora in duration 
and the coda 1 mora. It can be seen that in K.-H. Cheung's moraic structure of 
Cantonese； the durational ratio of long to short vowels in closed syllables will be 2:1 
and the compensatory relationship between vowel and coda is also captured. The 
ratio of vowel to coda in long vowel rhymes w川 be-l:0.5, while that in short vowel 
.rhymes will be 0.5:1. 
We must highlight the important difference between the concept of 'mora' 
in the model of K.-H. Cheung (1986) and the more popular notion of 'mora' which is 
broadly employed by the Phonological Weight Theory (Hyman 1985), the Prosodic 
Theory (McCarthy and Prince 1986), and the Moraic Theory (Hayes 1989, 1995). In 
the theory of Hayes {among others), mora has a dual phonological status: it is a unit 
of syllable weight, and also serves as a subsyllabic constituent. Therefore, it is not 
directly correlated to phonological length nor skeletal position. As mentioned in 
Chapter One, in languages with contrastive vowel length, underlyingly long vowels 
are assigned two moras, and short vowels one in Moraic Theory, (see 1.3 in Chapter 
One) However, glides and short consonants are represented as underlyingly , 
moraless, while geminates in most cases bear a single mora underlyingly. Thus, the 
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distinction in geminates and single consonants is represented by one mora versus 
zero mora: 
(2.7) geminate vs. single consonant (Hayes 1989) 
a. /nn/ b. /n/ 
n n 
As the notion of mora in Morale Theory is viewed as an indicator of syllable weight, 
it is employed to describe the prosodic structure of languages that exhibit a syllable 
weight distinction. Nevertheless, mora in K.-H. Cheung's account is simply regarded 
as a timing unit, which correlates directly with phonological length. Thus, K.-H. 
Cheung's model works well in capturing the durational pattern in Cantonese 
syllables, fitting to the language-specific prosodic properties of Cantonese, 
including the lack of syllable weight distinction, and the correlation between the 
constancy of phonetic rhyme duration and the constancy of syllable weight/size. 
In the spirit of Cheung's analysis, but departing from some of his 
assumptions, we hypothesize two different models of Cantonese syllables: one 
highlights the language-specific properties in Cantonese prosody, adopting the 
notion of mora in the sense of timing unit in K.-H. Cheung's account, while the 
other follows the general account of mora in the sense of weight unit, providing a 
comparable model of Cantonese prosody with other languages. 
In the first model (Model A), we postulate three moras as the basjc template 
for the Cantonese syllable, and do not assign any moras to the onset of the syllable. 
The three types of syllables in this tri-moraic representation are given in the 
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diagram shown in (2.8). A long vowel in an open syllable will have three moras. A 
long vowel in a closed syllable will occupy two moras with one mora assigned to the 
coda. In comparison, a short vowel in a closed syllable will have one mora with two 
moras assigned to the coda. 
(2.8) Tri-moraic model of Cantonese syllables (Model A) 
a. open syllable b. closed syllable c. closed syllable 
with a long vowel with a short vowel 
a a a 
f/K fk fk 
\i [i \i \i \i \i [i [i 
I V 11/ I ( I N 
C V C V C C V c 
s a: s a: m s 它 m 
' s a n d '沙 ' c lothes'衫 ' h e a r t '心 
Our first model (Model A) differs from K.-H. Cheung's (1986) bimoraic 
account of syllable structure in a number of ways. First, the minimal unit in our 
model which has distinctive function is the entire mora, rather than a half mora. It 
captures the concept of mora in the sense of basic timing unit, and agrees with the ‘ 
general analysis of long vowel as having two moras and the short vowel as having 
one. Further, it reveals the three-way distinction in vowel duration of the three 
syllable templates. 
Second, the onset is not counted into the analysis of syllable size in our 
model for two reasons. The onset does not have constant duration so that it cannot 
be assigned a half mora, which is regarded as a significant unit in K.-H. Cheung's 
account. The durations of onset vary from about 10 ms (in un-aspirated stops) to 
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150 ms (in fricatives) (Zee 1995). Further, the onset does not seem to form a unit 
with the rhyme, as it does not enter into any compensatory relationship with the 
rhyme in Cantonese (Zee 1995). However, a compensatory relationship exists 
between the rhyme and the coda. 
Third, the syllable has three moras in our model rather than two moras, which 
is the basic size of syllables in most of the prosodic theories concerning moraic 
structure. This departure from the standard moraic analysis is justified for 
Cantonese, as a tri-moraic model avoids the postulation of half moras as indicators 
of minimal phonological length. Further, the 2:1 durational ratio of long to short 
vowels in closed syllables and the salience of the coda, can best be captured if we 
assume these syllables to have three moras. As shown in Table 2.8, the glide, nasal 
and stop codas occupy significant durations ranging from 119 to 136 ms for long 
vowel rhymes and from 198 to 222 ms for short vowel rhymes, and the durations of 
the codas in short vowel rhymes can be as long as the vowels in long vowel rhymes. 
(2.9) Bi-moraic model of Cantonese syllables (Model B) 
a. open syllable b. closed syllable c. closed syllable 
with a long vowel with a short vowel 
a a a 
/ A / A / A 、 
/ [ I I I -
I v ( M ( I I 
C V C V C C V c 
s a: s a: m s 它 m 
' s a n d '沙 'c lothes'衫 ' h e a r t '心 
The second model we propose (Model B) follows the general concept of 
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mora in contemporary prosodic theories. As shown in (2.9), long vowels in both 
open and closed syllables have two moras. The coda in a closed syllable with a long 
vowel is attached to the second mora of the preceding vowel, but it is moraless by 
itself. A short vowel in a closed syllable has one mora with one mora assigned to the 
coda. 
As the three types of syllable templates in (2.9) all have a syllable weight of 
two moras, Cantonese does not exhibit a syllable weight distinction. The weight 
distinction between the long and short vowels is neutralized by the compensation 
effect of the coda following the short vowel, which contributes to the syllable 
weight. However, the coda following a long vowel will never contribute to the 
syllable weight. Therefore； in this model, only the phonological status of the coda 
following a short vowel is recognized, and the coda following a long vowel does not 
have any phonological status. 
Given these representations, the vowel and the coda do not have equal 
phonological status even if they have similar duration. Therefore, although the 
duration of the codas in short vowels rhymes can be as long as the vowels in long 
vowel rhymes, and the duration of the codas in long vowels rhymes can be longer 
than the vowels in short vowel rhymes, they are still of different importance in 
terms of prosodic structure. In this model, the coda in a short-vowel rhyme will be 
assigned one mora, whereas a long vowel in a closed syllable is assigned two moras, 
even though the two may be similar in duration. 
However, as demonstrated in the preceding sections, the three durational 
patterns serve as prominent characteristics of Cantonese syllables； suggestive of 
their phonological role in Cantonese prosody. Further, as we w川 see in the 
developmental data, the durational patterns reflected in the (2.8) will have , 
important implications for our understanding of acquisition of vowel length in 
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Cantonese. Therefore, we will employ the tri-moraic model which preserves 
language-specific phonological length patterns in the later analysis of the 




Acquisition of vowel length in Cantonese 
In this chapter, we review the literature on the acquisition of vowel length covering 
three parts: vowel length acquisition in Dutch, German, English and Japanese; a 
critique of various studies on the development of Cantonese vowels; and finally an 
evaluation of the detailed study on prosodic development in Cantonese by Kong 
(1997). We will then sum up the insights and inadequacies of these studies, and 
outline our general research questions. 
3.1 Cantonese vowel length: the acquisition task 
As we have seen from the earlier description of Cantonese vowel length, the 
contrast involves three high long vowels, three pairs of long and short mid vowels, 
and one pair of long and short low vowels. Both vowel duration and vowel quality 
are essential attributed of vowel length, with duration proven to be a significant cue. 
Long and short vowels in different coda environments show a regular durational 
proportion. Further, the rhyme and the syllable tend toward a constant weight/size, 
represented in our model as equivalent to three moras, with a complementary • 
relationship between vowel and coda. 
The acquisition task confronting Cantonese-acquiring children is highly 
complex. For them to master the various dimensions of vowel length at the 
phonological level, they must become aware that vowel differences as signaled by 
quality and quantity serve a distinctive function in separating words of different 
meanings. Further, they should become aware of the distributional characteristics 
of long and short vowels, in particular, the environments in which the members of 
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the vowel length pair contrast with each other. With respect to prosody, children 
must develop sensitivity to the fact that in the target language, the syllable has a 
relatively larger than normal size, i.e., three moras instead of the unmarked size of 
two moras found in many languages. They must also realize that long vowels are 
represented by two moras, and short vowels by one mora, taking mora to be a 
timing unit. 
At the phonetic level, children must tune in to the manifestations of vowel 
length in terms of durational relationships. They should acquire knowledge that the 
Cantonese rhyme and syllable is of a certain duration (around 300-400 ms), and 
that long and short—vowels occupy durational ranges that largely do not overlap. 
Specifically, long vowels occupy a span of a certain range (around 180-250 ms), and 
short vowels a duration of a different range (approximately 90-150 ms). Further, 
children need to realize that in a sense, short vowels are not only short in duration, 
but are produced by means of lengthening of the coda; at the same time, long 
vowels are not only long but are achieved by means of shortening of the coda. In 
terms of vowel quality, children must understand the tense/lax distinction of long 
and short vowels in that long vowels are generally more peripheral than short 
vowels in the vowel space. 
To understand how Cantonese-speaking children develop vowel length, with 
special reference to how prosodic structure is acquired, we need to acquaint 
ourselves with some of the key findings and generalizations that have been 
reported in the vowel length acquisition literature. 
3.2 Previous studies relevant to the acquisition of vowel length 
3.2.1 Previous studies on vowel length and prosodic development 
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3.2.1.1 Age of onset of vowel quantity 
When discussing vowel length in the context of prosodic structure, we focus on the 
quantity aspect of vowel length, which contributes to syllable structure and 
weight/size. With respect to the age of onset of vowel quantity, the facts remain 
uncertain when children develop sensitivity to vowel quantity differences. Many 
previous studies examined vowel length acquisition in languages in which vowel 
length involves both vowel quality and vowel quantity. These studies were typically 
based on impressionistic transcriptions, and fine quantity differences were not 
reported. However, these studies have important relevance for our study, as they 
offer detailed observations on the coda environments in which vowel length 
developed. 
Fikkert (1994) and Demuth and Fee (1995) make the important observation 
that Dutch-speaking children and English-speaking children do not make the vowel 
length contrast for their early productions until they develop the coda in the later 
stages. This finding has, however, not been replicated in other studies of vowel 
length development. In particular, Salidis and Johnson (1997) and Kehoe and 
Stoel-Gammon (2001) argue that vowel length is developed right from the start of 
early vowel production, and not necessarily after the development of codas, based 
on data from child English. 
Based on impressionistic transcriptions of the longitudinal data of 12 
Dutch-acquiring children, Fikkert (1994) argues that the development of vowel 
length is protracted in the language: not until children produce the final consonant 
does vowel length become distinctive. For example, she reports that one of the 
subjects (Jarmo) first developed vowel length before final sonorants between 1;10 
and 2;01, and then before final obstruents between 2;01 and 2;04. 
Fikkert observes that when children only produce open syllables, they 
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deleted codas regardless of the underlying length of the preceding vowels, as 
shown in (3.1a-d). For example, the word klaar, which has the phonological 
representation /kla:r/ was produced as [ka] or [ka:] by the child; and the word dit, 
which should have the phonological representation /dit/, was pronounced as [tx] or 
[ti:] by the child. Further, they make vowel length errors at the earlier stages, 
including lengthening of vowels in a short vowel environment when a coda is first 
added to the syllable, as illustrated in (3.1a-f). For example, the target word /a:p/, 
which has a long vowel, was produced with both long and short vowels (3.1e); 丨 
while the target word /ik/, which has a short vowel, was also produced with both 
long followed by a coda (3.If). 
(3.1) Jarmo's lake of vowel length distinction (Fikkert 1994:129) 
a. klaar /klair/ -> [ka], [ka:] (1;4.18) 
b. daar /da:r/ -> [da:], [da] (1;5.2) 
c. dit /dit/ — [tiL [ti:] (1;5.2) 
d. tok /tok/ [ko], [ka:] {1;5.27) 
e. aap /a:p/ — • [ap], [a:p] (1;7.15) 
f. ik /ik/ — [i:k] (1;7.29) 
Similar productions are found in the study of the prosodic development in 
two English-speaking children by Demuth and Fee (1995), also based on 
impressionistic transcriptions. As shown in (3.2a), the tense vowel in the word Juice 
varies among a tense but short vowel, a tense long vowel； and a lax short vowel. In 
(3.2b), the tense/long vowel in the word ball was produced as a lax short 乂owel or a 
lax but long vowel. Vowel length is reported to be non-distinctive until children , 
produce VC for target short vowels and VV for target long vowels. 
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(3.2) PJ's lake of vowel length distinction at 1;8 (Demuth and Fee 1995:14) 
a. 'juice' /dzus/ — [du], [du:], [gu] 
[gu:], [gus], [dus] 
b. 'ball' /bal/ -> [bo], [ba], [bo:] 
Whether coda development is a pre-requisite for vowel length acquisition 
remains an issue of contention. Findings contrary to those of Fikkert and Demuth et 
al have been reported, arguing that vowel length is not totally random in the early 
production of the English-acquiring children, have also been reported. Salidis and 
Johnson (1997) claim that their subject (Kyle) controlled vowel length and rarely 
made errors from the onset of word production at the age of 0;11. Also, codas were 
produced for nearly 40% of the child's monosyllabic productions at the same age. 
Similarly, the investigation on the cross-sectional data of 14 English-speaking 
children and on the longitudinal data of 3 children also reports that the majority of 
the subjects made few vowel length alternations during the early age between 1;3 
and 1;6 (Kehoe and Stoel-Gammon 2001). 
A possible explanation for the conflicting findings in these studies may lie in 
the criteria for transcribing the phonetic duration of vowel length. As noted above, 
these studies were based on impressionistic transcriptions rather than acoustic data. . 
Salidis and Johnson (1997), as well as Kehoe and Stoel-Gammon (2001), even stated 
that their transcriptions are based on tense/lax substitutions, ignoring phonetic 
duration. Therefore, the precise role of quantity cannot be clearly assessed without 
introducing the acoustic measurements for detection of fine durational differences. 
Some of the previous studies on vowel length development that were based 
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on acoustic measurements provide more precise observations on vowel quantity in 
child speech. These studies of German-speaking, English-speaking, and 
Swedish-speaking children indicate that children have generally tuned in to the role 
of vowel quantity by the age of two. While the acoustic measurements have given 
us a clearer and more consistent picture on vowel quantity in child speech than 
those studies based on impressionistic transcriptions, these studies have, however, 
not looked at the way in which vowel quantity develops with respect to the coda 
environment. 
The acoustic study on the longitudinal data of three German-acquiring 
children (Kehoe and Lleo 2003) reveals that the children produced significant 
durational differences between the target long and short vowels in monosyllabic 
words during 1;10 to 2;0, with a long-to-short durational ratio of 1.4-1.7. The ratio 
became more adult-like (approximately 2.0 ) between 2;3 and 2;6, which was 
1.6-1.7. 
Ko (2007) also reports that the American English-speaking child subjects 
investigated made significant durational distinctions between the long/tense and 
short/lax vowels before the age of two. She measured the vowel duration of the 
longitudinal data of four children extracted from the Providence Corpus, with the 
age range from 0;11 to 4;0. Of the three children who had suitable (near) minimal 
pair words before 2;0, two of them produced significant durational differences 
between the (near) minimal pairs, though the long-to-short ratio may remain only 
around or under 1.2 (cf. relative ratio of adult speech is about 1.4).4° 
Interestingly, languages may also vary at the age when vowel quantity is 
mastered, the variation possibly due to the role played by quantity in vowel length 
4° I estimated the value of the long-to-short ratio from the mean durations of tense and lax vowels 
indicated in Figure 5 of Ko 2007. 
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in the languages concerned. In our discussion in Chapter One, it was observed that 
quantity plays different roles in vowel length in Swedish and English. Acoustic and 
perceptual data show that quantity serves as a primary cue in Swedish, while in 
English, it is only a secondary feature. The cross-language cross-sectional acoustic 
studies on American and Swedish children's acquisition of vowel duration reveal the 
effects of language-specific properties on early phonological development 
(Stoel-Gammon and Buder 1998, Buder and Stoel-Gammon 2002). American and 
Swedish children aged 24 months (2;0) and 30 months (2;6) were recorded with the 
productions of words with /i/ and /i/ followed by voiced and voiceless consonants. 
We here focus on the results of the comparison between durations of long and 
short vowels before voiceless obstruents. It is reported that the American children 
show durational differences at 24 months/^ though the differences were smaller 
than those found in adult speech, while the durational patterns of the Swedish 
children at 24 months have already mirrored that found in adult speech. Both 
language groups show greater durational differences at 30 months, with the 
Swedish children exhibiting a difference even bigger than that of adult speech. 
Further, for languages in which quantity serves as the exclusive cue and 
vowel length contrast occurs in open as well as closed syllables, vowel quantity 
distinctions may appear early in children acquiring these languages. This has been 
shown in the longitudinal study of prosodic development in three 
Japanese-acquiring children (l;0-2;6) by Ota (1999). In this study, Ota alms to 
establish a constraint-based mode丨 based on Optimality Theory (Prince and 
Smolensky 1993) to give a systematic account of the prosodic continuity between 
child and adult systems, the surface divergence of child forms from the adult forms, 
41 The authors did not mention whether the difference was statistically significant in their 1998 
abstract and 2002 paper. 
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and the overall developmental course of prosodic structure. Regarding 
word-internal prosodic structure, he provided evidence from child Japanese for the 
prosodic constituents such as mora and foot, indicated in compensatory 
lengthening phenomena, syllable size restrictions and word size restrictions in early 
word production. He conducted a preliminary analysis of the early emergence of 
vowel length distinction before examining the phenomenon of compensatory 
lengthening.42 A comparison of vowel durations was made by measuring target long 
and short vowels in the non-final open syllables of disyllabic or polysyllabic words 
from the earliest data files of the children. The results show that all the three 
Japanese children produced significant durational differences between the target 
long and short vowels before 1;6 or 1;7, though the ratio of long to short vowels 
was smaller than that of adult production in two of the children. 
To sum up, with regard to the age of onset of vowel quantity, previous 
studies on prosodic development based on impressionistic transcriptions reveal 
conflicting results, probably due to the lack of precision in transcription. However, 
the acoustic studies reveal that children develop significant durational differences 
of vowels as early as two years of age, though the role of quantity in vowel length 
may influence the age at which systematic vowel quantity differences surface. 
3.2.1.2 Vowel length acquisition and prosodic structure 
Previous studies have observed stage-like development of prosodic structure. 
Fikkert (1994) proposed a parameter-setting account for the prosodic development. 
With respect to syllable structure, three parameters have been hypothesized, the 
42 Ota points out that if there is a stage that lacks contrastive vowel length in the acquisition' of 
Japanese, then data from that period cannot be employed to examine compensatory lengthening. , 
Durations of vowels can vary freely if vowel length is non-distinctive at such a stage, and the effect 
of compensatory lengthening would not be systematically shown in the vowel durations. 
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branching rhyme parameter, the branching nucleus parameter, and the 
extra-rhymal parameter, as shown in (3.3). Each parameter has binary values, 'yes' 
or 'no', with 'no' being the default or unmarked value. The branching rhyme 
parameter decides whether a rhyme may branch into a nucleus and a coda, that is, 
whether closed syllables are permitted in addition to open syllables, with open 
syllables assumed to be the default syllable. The branching nucleus parameter 
determines whether the vowel can be mapped to two positions, that is whether 
there can be a distinction between long and short vowels, with the absence of 
vowel length assumed to be unmarked. The extra-rhymal parameter is concerned 
with whether a bipositional rhyme can have a final consonant, that is, whether long 
vowels can be followed by a coda. In other words, it is only in the marked case that 
the vowel length contrast may occur in closed syllables. In this parametric model, 
the development of syllable structure in languages such as Dutch parallels the 
course of setting the parameters to marked values in the language. 
(3.3) Syllable parameters (Fikkert 1994:180) 
a. Branching rhyme parameter 
Rhymes can branch into a nucleus and a coda [No/Yes] 
b. Branching nucleus parameter 
Nucleus can be branching [No/Yes] 
c. Extrarhymal parameter 
A (final) bipositional rhyme can be followed by an extra consonant [No/Yes] 
At stage I, only core syllables are produced. Rhymes have not branched and 
are monopositional, having no coda and no distinctive vowel length. At stage II, 
rhymes can branch into a nucleus and a coda; however, nuclei remain 
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monopositional so that vowel length is still non-distinctive. At Stage III and IV； 
nuclei can branch, so that the opposition between monopositional and bipositional 
nuclei is developed. Vowel length becomes distinctive after the branching of nuclei. 
Consonant clusters are also developed finally when the word-final extra position is 
a l l o w e d . T h e s e stages are outlined in (3.4). 
(3.4) Developmental stages of Jarmo (Fikkert 1994) 
Stage I: No syllable parameters are set. 一 
CV(V) monopositional nuclei and rhymes 
vowel length is non-distinctive 
Stage II: The branching rhyme parameter has been set to the marked value. 
CV(V)Cobt monopositional nuclei and bipositional rhymes 
vowel length is non-distinctive 
Stage III: Branching nucleus parameter is set to the marked value. 
CVV, CVCson mono- and bipositional nuclei; bipositional rhymes 
CV(V)Cobt vowel length is distinctive before sonorants 
Stage IV: The extrarhymal parameter is set to the marked setting. 
CVV, CVC mono- and bipositional nuclei; bi- and tripositional rhymes 
CVVC； CVC vowel length is distinctive before obstruents also 
An insightful idea in Fikkert's analysis relates to the crucial order of 
branching rhyme relative to the branching nucleus, with the former occurring 
before the latter. This implies that the contrast of vowel length in closed syllables is 
marked feature of particular languages. In other words, the parameter of branching 
43 Fikkert points out that the order of setting the parameter of branching nucleus and the , 
extrarhymal parameter is not fixed. Some children may set the extrarhymal parameter before setting 
the parameter of branching nucleus. 
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rhyme emphasizes the importance of coda environment for the realization of vowel 
length. Not until rhyme and nucleus have both branched wHI vowel length become 
distinctive. She also observes that vowel length generally becomes distinctive first 
before sonorants, then before obstruents, for the majority of her subjects. 
Demuth and Fee (1995), and Demuth (1996a, 1996b) proposed a 
developmental model of prosodic words which shares several similarities with 
Fikkert's account, linking up the data of child Dutch (from Fikkert) and child English. 
Similarly, they identify an initial stage when children only produce core syllables 
and do not make any vowel length distinction. More importantly, they propose the 
Minimal Words Stage with (minimally and maximally) binary feet after the Core 
Syllable. At stage lla, the form of (C)VCV is produced to fulfill the Minimal Words 
requirement when coda is not yet developed. Once children produce codas, the 
minimal word may be realized in the form of (C)VC structure at stage lib. In a brief 
while, children develop distinctive vowel length and produced (C)VV structure. 
Finally, children manage to produce prosodic words that have a larger size than 
binary feet. The stages charted by Demuth and Fee are given in (3.5). 
(3.5) Stages in the development of Prosodic Words (Demuth and Fee 1995) 
Stage I: Core Syllables 一 CV 
No vowel length distinctions 
Stage II: Minimal Words / Binary Feet 
a. Core Syl lables-{C)VCV 
b. Closed Syl lables-(C)VC 
c. Vowel length distinction - {C)VV , 
丨 Stage III: Stress-Feet 
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Fikkert (1994) and Demuth and Fee (1995) both suggest that children's early 
words develop from an unmarked form of syllable (core syllable) to an unmarked 
form of prosodic word (minimal word) which is constrained by a minimal and 
maximal bipositional size/bimoraic foot. Demuth and Fee (1995) also proposed the 
stage of closed syllables, i.e., the representation of coda, prior to the vowel length 
distinction, in accordance with Flkkert's parameter setting of branching rhyme. 
The constraint of minimal bipositional/bimoraic foot is confirmed by various 
child data, for example, evidence for compensatory lengthening from segment 
deletion (Stemberger 1992, Bernhardt and Stemberger 1998, Ota 1999, Song and 
Demuth 2007). However, later studies show little support for the early 
monopositional syllable and the developmental course of the branching rhyme. 
Rather, early words are found to be constrained by a minimally bipositional size, 
including a branching rhyme (even a branching nucleus) from the onset of 
production, which means children develop directly from the stage II or III of 
Fikkert's model, and stage lib and lie of Demuth and Fee's (1995) model. 
As we have pointed out in the preceding section, the studies of Salidis and 
Johnson (1997) and Kehoe and Stoel-Gammon (2001) argue that English-speaking 
children produce coda at a very early age, and few vowel length errors are found in 
their early production. Further, Kehoe and Lleo (2003) have also found that 
German-speaking children use bipositional rhymes very early, and vowel length is 
not totally random. They proposed three developmental stages as shown in (3.6). At 
the early stage, German children produce short vowels in closed syllables, and 
delete the coda following a target long vowel. Kehoe and Lleo interpret the deletion 
of coda after a target long vowel rather than a target short one as an inflication of 
sensitivity to the target vowel length. Children develop or fully develop vowel , 
length opposition at the middle stage when tri-moraic rhymes are allowed. 
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However, children at this stage sometimes shorten the target long vowels before 
codas, probably suggesting that the bounding effect of the bimoraic constraint is 
still maintained for a while. Further, it shows that children find more difficulties in 
producing target long vowels than target short vowels. 
(3.6) Stages of vowel length acquisition (Kehoe and Lleo 2003) 
Early Bipositional rhymes 
Target VVC Target VC 
Child VV Child VC 
Middle Beginning of opposition V vs. V(V) or Opposition V vs. VV 
Target VVC Target VC Target VVC Target VC 
Child VC or VVC Child VC Child VVC Child VC 
Later Adult-like opposition V vs. VV 
Target VVC Target VC 
Child VVC Child VC 
To conclude our review of the studies on the developmental course of 
prosodic structure, the bimoraic constraint is shown to be a robust restriction on 
the production of early words. Whether it is preceded by a stage of Core syllable in 
a language, however, remains unclear. Further, though the developmental stages of 
branching rhyme and branching nucleus are reported to exist in some studies and 
not others, the vowel quantity distinction is always developed in a coda context. 
3.2.2 Previous studies on Cantonese vowel development 
Previous studies on the acquisition of Cantonese have observed the order of 
appearance of vowels in longitudinal development (S.M. Tse 1982, A.C.-Y. Tse 1991, 
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1993; C M . Lee 2006), and estimated phonetic accuracy in vowel production based 
on impressionistic transcription (So and Dodd 1995, Stokes and Wong 2002). These 
studies do not directly examine how the system of vowel contrasts, in particular the 
vowel length distinction, develops in the phonological system of the child. 
Studies have made observations on the order of appearance of Cantonese 
vowels: the long vowels /\\, a:, u:/ appeared before 2 years in a child's production, 
while the short vowel M was not represented until 1)1. The front rounded vowel 
Jy, ce/ was not mastered until 3 years old (A.C.-Y. Tse 1991, 1993). In contrast, S.M. 
Tse (1982) reports the vowels /i\, e:, a:, ui, o:/ appeared as early as 1;7 of a child's 
production, showing the co-occurrence of the low long and short vowels in the 
early speech. 
Cross-sectional studies have remarked on the early mastery of vowels by 
Cantonese-speaking children (P. Cheung 1990, So and Dodd 1995, Stokes and Wong 
2002). In a picture naming task using two tokens of each Cantonese vowel, So and 
Dodd found that 90% of their 268 subjects (aged between 2 and 6 years old) 
performed well on vowels, with only 4.5% of the errors related to vowels. 
The acoustical study of ‘ the longitudinal development of two 
Cantonese-speaking children from babbling to first words by C M . Lee (2006), 
covering the period to one year four months of age, reports form ant data on the 
early vowels of children. The data show a gradually expanding vowel space, 
confirming some of the predictions of Jakobson (1941[1968]). However, this study 
focused on vowel quality and pitch, and did not look at vowel length development. 
Previous studies that reported data on long and short vowels have focused 
on the phonetic accuracy of the children's production based on impressionistic 
transcriptions. They do not investigate how the vowel quantity distinction in 
relation to the prosodic structure develops In the phonological system of the 
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children. Further, these studies do not directly examine how the contrastive 
function of vowel length develops in the children's comprehension. 
3.2.3 Kong (1997) on prosodic development in Cantonese 
Kong (1997) investigates the prosodic development of a Cantonese-acquiring boy； 
Wing-Lun, who was born in the United States in 1995 and raised in a 
Cantonese-speaking family. The study is based on impressionistic transcriptions of 
the child's speech as we I as acoustic analyses of the longitudinal recordings made in 
the child's home, covering eight sessions between the age of 1;3.8 and 1;9.22. The 
child produced his first words at age 1;6, and the analyses are generally based on 
the data from the age 1;7.11 to 1;9.22 (Session 5 -8). 
Kong first transcribed the data phonetically by listening to the tapes, and 
then measured the vowel durations and syllable durations in the spectrogram. The 
vowel duration was identified by the steady state of formant frequency, while the 
syllable duration was measured by the rhyme of the syllable, containing all 
transitions between onset consonant and vowel. The durational ratios of vowels to 
syllables in different syllable structures are compared to those of parental speech, 
for the purpose of making decisions in transcribing the vowel durations in the child 
data. When the vowel-to-syllable ratio was bigger than 0.5, the vowel duration was 
transcribed as long, and when the relative ratio was small than 0.5, the duration of 
vowel was transcribed as short. Based on the transcription, Kong analyzed the 
durations of syllables, vowels, phonetic inventory, and phonological processes of 
the child, and finally proposes the stages of prosodic development in Cantonese. 
With regard to the syllable and vowel durations, Kong compared the mean 
durations of syllables and vowels in different syllable structures in the child's 
production by calculating the data in all sessions, respectively. She reports that 
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children follow the durational ranking of syllables in the parental speech: 
(3.7) Ranking of Syllable Length in Wing-Lun's Speech (Kong 1997:53) 
{C)V:{G,N} > ( C ) V { G , N } > (C)V: > (C)V:C > (C)VC44 
This ranking of syllable duration differs from Kao (1971), in that the syllables 
with short vowels ending in glides or nasals are longer than the open syllables. 
However, as the author included the 'focused forms', which were emphasized and 
very long, in the data pool, and the number of tokens was small, these factors may 
influence the mean values of syllable duration. In Kong's data, the syllable type 
(C)V{G,N} actually appears to have the longest mean duration among all the syllable 
types. 
By scrutinizing the mean durations across four sessions of Kong's data 
(Sessions 5-8), we find that the durations of open syllables in the final position of a 
reduplicated form lengthened gradually from 227 ms to 363 ms during the ages 
1)1.11 and 1;9.22, while the mean durations of (C)V:{G,N} structure in the same 
context remain quite constant, in a duration of 376-380 ms at the age of This 
probably indicates that the child gradually lengthened his open syllables so that 
they have similar durations as the newly developed closed syllables. 
It is observed that the child did not produce codas until the age of 1;9.1. 
Before 1;9； the child deleted all codas and only produced open syllables with long 
vowels. This reveals that there was a stage in which rhymes had not branched, so 
that codas were not allowed. However, the open syllables produced in this early 
斜{C)V:C and (C)VC stand for syllables ending with stops with long and short vowels, respectively," in 
Kong (1997). , 
45 Relevant data on the mean durations of (C)V:{G,N} structure in the final position of a reduplicated 
form were not reported in Kong's study for ages before 1;9. 
65 
stage were clearly constrained by a minimal bimoraic foot. 
Kong proposed three developmental stages of prosodic structures in 
Cantonese, as shown in (3.8). First, the child had only open syllables in bimoraic 
feet, with only long vowels. At Stage 2, closed syllables began to appear with stop 
codas, and vowel length distinction started to appear in closed syllables with stop 
or sonorant codas. It is only in Stage 3 that the long/short vowel contrast emerges 
in syllables with glide codas, i.e. in diphthongs. 
(3.8) Stages of Development of Monosyllabic Bimoraic Foot in Cantonese (Kong 
1997:73) 
Stage 1. Bimoraic Feet with Open Syllables 
Long vowel in open syllables (C )W 
Stage 2. Closed syllables with stop endings 
a. No vowel length distinction {C)VC 
b. Vowel length distinction (C)VC/{C)VVC 
Stage 3. Diphthongs 
a. No vowel length distinction (C)VG 
b. Diphthongs contain a short vowel (C)VG 
c. Diphthongs contain a long vowel (C)WG 
However, as the age of 1;9.22 was the last observed session In Kong's study, 
when vowel quantity stayed non-distinctive, the data from this study do not give a 
picture on how vowel quantity develops in the speech of Cantonese-acquiring 
children. 
Kong's thesis on Cantonese prosodic development provides the first study , 
on vowel quantity acquisition and provides evidence for the bimoraic constraint 
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underlying early word productions in Cantonese. Her data on syllable durations also 
show the tendency for open syllables to lengthen when the closed syllables are 
produced. However, the observed age span in this study is not extended enough for 
a close scrutiny of the three salient durational features of Cantonese vowel quantity 
discussed in Chapter Two. 
3.3 Insights and Inadequacies of previous studies 
Previous studies of prosodic development, based on impressionistic transcriptions 
and acoustic studies, have provided important insights for our investigation of 
vowel quantity acquisition. The transcription studies capture the variations of vowel 
length and the coda environments during the course of vowel quantity 
development. The acoustic studies provide a clear indication of the age of onset of 
vowel quantity distinction, even though they have not examined the coda 
environments in which vowel quantity first becomes distinctive. 
Furthermore, while Fikkert (1994) and Demuth (1995) identify an initial 
stage of core syllables, conflicting findings have been reported on the path of vowel 
length development on whether coda development occurs prior to vowel length 
mastery (Salidis and Johnson 1997, Kehoe and Stoel-Gammon 2001； Kehoe and Lleo 
2003). The developmental paths of branching rhymes and branching nuclei remain 
unclear. What is more, to the best of our knowledge, previous vowel length 
acquisition studies have not looked at languages with a compensatory relationship 
between vowel and coda. 
With regard to Cantonese, previous studies on vowel development have 
mainly focused on the phonetic accuracy of the children's production based on 
impressionistic transcriptions. The only study on the acquisition of Cantonese , 
prosodic structure, that of Kong (1997), shows that the production of early words in 
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her Cantonese-acquiring subject was constrained by a minimally and maximally 
bimoraic foot. It also provides useful acoustic data on vowel and syllable durations. 
The main limitations of Kong's study are that the selected age span of the child was 
not extended enough for detailed developmental analysis, and it did not pay 
attention to the important durational properties of Cantonese vowel length, so that 
we are still in want of a clear picture of vowel quantity development in relation to 
prosodic structure. 
Furthermore, it should be emphasized that all the above acquisition studies 
have focused on how vowel length is realized in children's speech production. As 
pointed out at the beginning of the chapter, a crucial learning task for the child is to 
understand that vowel length serves a contrastive function in the language in 
distinguishing words of different meanings. None of the previous production 
studies have explored this issue directly, which must be addressed with the aid of 
perception studies. 
3.4 Research questions 
In our study of vowel length acquisition in Cantonese, we investigate the following 
research questions: 
(a) When do Cantonese-acquiring children produce significant durational 
differences between target long and short vowels? When do Cantonese-acquiring 
children produce adult-like durational differences between long and short vowels? 
(b) How do Cantonese children develop vowel quantity in relation to 
prosodic structure? What kind of developmental model can best capture the full 
range of vowel, coda and rhyme durational patterns in various stages of the child's 
development? , 
(c) When do children become sensitive to the contrastive function of vowel 
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length (involving both vowel quality and vowel quantity) as realized in actual words? 
To what extent can children rely on vowel length contrasts in detecting that a novel 
form of a contrasting vowel length signals a different word? 
In the following chapters, we will answer the first two questions by 
investigating the naturalistic production of a Cantonese-acquiring child from the 
age of 1;6 to 2;7, in six sessions of observation. We will tackle the third question by 
designing two perception experiments, one using actual word pairs contrasting 
minimally in vowel length, and another using novel words contrasting In vowel 
length, to eliminate the effect of lexical knowledge on vowel length perception. The 
results of the longitudinal data analysis will be reported in Chapter Four and the 
experimental results in Chapter Five. 
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Chapter Four 
Vowel length acquisition and prosodic development in Cantonese: A 
naturalistic case study 
In this chapter, we examine and analyze the developmental course of vowel length 
in a Cantonese-acquiring child. We will first present the research methodology of 
the study, including the database for analysis, subject information, transcription 
and acoustic measurements. We will then report the findings of our data analysis, 
with regard to the onset of the representation of vowel quantity and the 
developmental prosodic patterns. On the basis of these patterns, we propose a 
developmental model of vowel length and prosodic structure for Cantonese 
syllables. 
4.1 Objectives of the study 
In our study of vowel length development in a Cantonese-acquiring child based on 
naturalistic longitudinal data, we aim to investigate when the child became 
sensitive to the phonological role of vowel quantity in Cantonese vowel length, as 
reflected in the appearance in the child's production of significant durational * 
differences between target long and short vowels in closed syllables, and of the 
salient durational patterns of vowel length found in adult speech. In addition, we 
will identify the stages of development with respect to vowel length, as well as the 
properties of various stages. Finally, we provide an account of the early 




4.2.1 Database and subject 
The analysis is based on the longitudinal audio and video recordings of a 
Cantonese-acquiring child (CKL) extracted from the Hong Kong Cantonese Early 
Language Acquisition corpus (HKCELA).46 The child was born to a native Hong Kong 
family in 2000, acquiring Cantonese as his first language. As his parents needed to 
work, the child was looked after by a caretaker and his grandfather in the day time. 
Both were native speakers of Cantonese, who used Cantonese to communicate with 
the child. In the afternoon, the child's grandfather would often bring the child to 
the playground and a recreational club to meet with other people. CKL was 
recorded roughly three times a month at his home from the age of 1;2 to 2;7 in 
unstructured play situations, while interacting with his relatives and investigators. 
Audio recordings were made by a Sony TCS-IOODV stereo cassette recorder, with 
Sony or TDK sound cassettes. The video recordings were made with a digital 
handycam, a SONY PC120E, or a SONY TRV950E. .After the recordings, the audio 
cassette tapes were digitized into waveform files using the software Cool Edit 2000 
at a sampling rate of 22050 Hz, in mono channel. The video recordings were 
digitized into Mpeg files. 
Six recording sessions of the child were selected from the corpus for analysis, 
spanning the age range 1;6 to 2;7. Three sessions were selected for the age period 
before two years of age, separated at bimonthly intervals, with approximately one 
session every other month. For the age period two and thereafter, three sessions 
were selected, separated by an interval of approximately three months. To ensure 
consistency in the estimation of monthly intervals, the recordings were drawn from 
those collected in the middle of a month in the child's age. It was decided to use 1;6 
The Hong Kong Cantonese Early Language Acquisition (HKCELA) corpus was created by Professor ’ 
Thomas Hun-tak Lee as part of the project funded by RGC entitled "Issues of continuity in early 
lexical and syntactic development" (CUHK458306). 
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as the beginning point of observation as it has been reported in studies of early 
lexical development that there was a close relationship between vocabulary spurt 
and the onset of syntax in the development of Mandarin-acquiring children, so that 
typically the lexical spurt occurred just before the onset of two-word combinations 
(Zeng 2010).47 As we are interested in vowel length development as an essential 
aspect of the development of the Cantonese vowel system, and not just in the 
durations of vocalic vocalizations, we would need a sizable number of words that 
can exemplify the long/short vowel contrasts we are interested in before patterns 
can be observed and generalizations made. We therefore used one and a half years 
of age as the starting point for analysis. 
4.2.2 Transcription and acoustic measurement 
The transcription was based on the first 30 minutes of the audio recording in each 
session, with simultaneous checking against the corresponding video recordings. 
The words in the child's production whose target forms could be identified were 
phonetically transcribed, and a subset of the monosyllabic morphemes was 
acoustically analyzed, taking into the following criteria: 
a) Onomatopoeia, interjections, and sentence final particles were excluded. 
b) The words produced as part of singing activities were excluded, as well as 
the words spoken when the child was eating, which involved other sounds. 
c) The syllables which were inaudible in the audios, those masked by noise, 
those produced with other voices overlapping with them, and those uttered with 
exaggeration, were excluded. 
The durations of vowels and codas of the monosyllabic morphemes were 
47 See the doctoral thesis of Zeng (2010), which shows that the lexical spurt of two , 
Mandarin-acquiring children in Changsha occurred at around 1 year 5 months, at around the time of 
appearance of their two-word utterances. 
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measured using PRAAT"^^ (Boersma 2001, Boersma & Weenink 2009). Both the 
waveform and the broadband spectrogram displays were used in measuring the 
durations of vowels and codas. The vowel duration in open syllables was measured 
by the onset and offset of the periodic waveform, and checked by the onset of F2 
and the offset of F1 of the vowel formants in the broadband spectrogram, or the 
points of significant change in the amplitudes of F1 and F2. (Figure 4.1) The 
duration of off-glides was measured from the points of significant change of F1 and 
F2 to the offset of F l . (Figure 4.2) The duration of nasal endings was measured from 
the significant weakening of F2 of the preceding vowel to the offset of F l . (Figure 
4.3) As it was difficult to measure the durations of unreleased stops in naturalistic 
speech, we did not measure them. For syllables with unreleased stops； the 
significant weakening of the vowel formants was regarded as the offset of the 
preceding vowels. (Figure 4.4) The syllables whose vowel or coda boundaries could 
not be identified with confidence by the author were excluded from the acoustic 
measurements. 
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Figure 4.1 A sample of the segmentation of vowels in open syllables 
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Figure 4.2 Samples of the segmentation of vowels before off-glide codas 
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Figure 4.3 A sample of the segmentation of vowels before nasal codas . 
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Figure 4.4 Samples of the segmentation of vowels before unreleased oral stops 
In the marking of vowel length, the length mark was used to indicate the 
long segments in the phonetic transcription. It was added to the vowel in open 
syllables unless it was heard as abnormally short. In closed syllables with glide and 
nasal codas, the length mark was added to the vowel which had a vowel-to-coda 
ratio of higher than 1.33, and added to the coda which had a vowel-to-coda ratio of 
lower than 0.75. If the vowel and coda have similar durations and both of them are 
less than 200 ms, the length mark will not be applied to the segments. 
The contextual positions of the syllables were marked, indicating whether 
the syllable appeared in the initial, medial, or final position in an utterance, or in 
isolation. In the following part, we will report the data on syllables occurring in the 
final position and in isolation. The complete set of the data on syllables in various 
contexts will be given in Appendix 1,9 The imitated syllables were also marked; 
49 We took both kinds of results into consideration. As the position where the syllable occurs in an 
utterance will affect its duration (Lehiste 1970), we would like to control the positional effect to have 
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these were included in the analysis and not separated from the spontaneous data, 
as the imitated syllables constituted the majority of the child's productions in the 
first session. 
4.3 Data analysis 
4.3.1 Age of onset of vowel quantity 
Our analysis focuses on the four pairs of long and short vowels which contrast in 
vowel length, i.e., [a:] and [b], [e:] and [e], [o:] and [o], as well as [oe:] and [0], 
occurring in syllables with glide, nasal and stop codas. 
The child CKL produced a large number of codas from the first observed 
session at 1;6 onwards. The mean durations of the target long and target short 
vowels produced by the child with regard to different coda environments in the six 
sessions are shown in Figure 4.5, 4.6, and 4.7. We will first focus on the appearance 
of significant durational differences between target long vowels and target short 
vowels, and then trace the development of adult-like durational patterns in vowel 
length. 
As can be seen from Figure 4.5, which reports the data on syllables with 
glide codas, except for the second and last sessions, at 1;8.17 and 2;7.11 
respectively, the mean durations of target long vowels clearly exceeded those of 
target short vowels. The former ranged from 158 to 171 ms, while the latter ranged 
from 82 to 128 msec. The difference between the mean durations of long and short 
vowels ranged from around 40 ms (at the first session) to 85-90 ms (in the third and 
fourth sessions). In the two exceptional sessions (i.e., the second and last 
sessions), the durations of the target long and short vowels were approximately 
a clearer picture of the durational patterns, so we also looked at the whole set of the data for 
comparison. The positional effect on the syllable internal vowel-to-coda ratios was small. 
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equal, at the 93-99 ms range for the session at 1;8.17, and at the 70-76 range for 
the session at 2;7.11. The mean durations of long and short vowels before glide 
codas averaging the values of the tokens of all six sessions were 141 ms and 93 ms 
respectively. 
Based on Figure 4.6, which gives the data on syllables with nasal codas, the 
target long vowels were all longer than the target short vowels for all of the six 
sessions. The long vowels ranged in duration from 133 to 244 ms, while the short 
vowels ranged in duration from 78 to 162 ms. The difference between the mean 
durations of long and short vowels in each session ranged from around 35 ms (at 
1;8.17) to more than 150 ms (at 1;10.10). The mean durations of long and short 
vowels before nasal endings averaging the values of the tokens of all six sessions 
were 205 ms and 110 ms respectively. 
Turning to the vowel durations in syllables with stop endings, shown in 
Figure 4.7, the target long vowels consistently exceeded the target short vowels in 
duration. The mean durations of long vowels varied between 97 and 185 ms while 
those of the short vowels ranged from 63 to 85 ms. The difference between the 
mean durations of long and short vowels ranged from around 35 ms (at the third 
session) to more than around 110 ms (at the fifth session). The mean durations of 
long and short vowels in the stop coda environment based on the tokens of all the 
sessions were 143 ms and 73 ms respectively. 
A t-test carried out on the target long vowel tokens and target short vowel 
tokens of the child at each session shows that at the age of 1;6, the long vowels 
before nasals were significantly longer than the short vowels before nasals 
(t(24.645)=3.571, p=.002); similarly, the long vowels before stops were significantly 
. * 
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longer than those before stops (t(8.877)=4.629, p=.001). The durational 
differences between the target long and short vowels before glides are shown to be 
insignificant by a Mann-Whitney U Test (p=.144).^^ In the following session at 1;8, 
the numbers of tokens of target long vowels before glides and nasals were small. 
However, the durational differences between the long and short vowels before stop 
codas continued to be significant (p=.027) by a Mann-Whitney U Test. From the age 
of 1;10 onwards, the durational differences between target long and short vowels 
in all coda environments are shown to be significant by an independent samples 
t-test.^^ 
Although we have observed significant durational differences between the 
target long and short vowels in both the nasal and stop coda environments as early 
as 1;6, the magnitude of these differences did not approximate the adult values. As 
reported in Table 2.8 of Chapter Two, for the Cantonese-speaking adult we recorded, 
the mean durations of long vowels in glide, nasal, and stop coda environments were 
217, 241, and 166 ms respectively. The mean durations of short vowels in the same 
environments were 110,112, and 84 ms respectively. 
As reported above, for our Cantonese child, the mean durations of long 
vowels in glide, nasal, and stop coda environments were 141, 205 and 143 ms 
respectively, generally shorter than the corresponding adult values. At the same 
time, the mean durations of short vowels in the same environments were found to 
be 93, 110 and 73 ms respectively. In terms of mean durations, the long vowels of 
the child seemed to be shorter than those of the adult, though the short vowels 
Equal variances were not assumed in the independent samples t-test performed on the durational 
values of syllables containing long and short vowels in the child's speech. • 
A non-parametric test was used to examine the difference between target long and short voAwels 
before glides, as the number of tokens was small. ‘ 
52 Except for the productions in glide coda environments at 2;7, which also contain a very small 
number of long v/owel tokens in the long vowels, with only two such tokens. 
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approximated those of the adults. 
Mean durations of target long and short vowels (in ms) 
before glides in the six sessions (position controlled) 
300 p z = = = = = = = = = = = = 
250 —....二 
200 ： 174 171 — — ‘ : = : . 
^ ^ ^ — 158 - _ _ 
150 普 8 - „ — … - - _ = — ： 二 二 ""Long 
腳 QQ Bpa| _ — I^ BM 
100 ~ H 1 ^ “ — 二 ^ Short 
^ j H ^ 一 � —g^g猫辦徹 g ^ l j" [ -~r\J 
01;06‘14 01;08.17 01;10.10 02;00,12 02;04.14 02;07.11 
Figure 4.5 Mean durations of target long and short vowels (in ms) before glide 
codas in the six sessions (including final and isolated syllables only) 
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Figure 4.6 Mean durations of target long and short vowels (in ms) before nasal 
codas in the six sessions (including final and isolated syllables only) 
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Mean durations of target long and short vowels {in ms) 
before stops in the six sessions (position controlled) 
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Figure 4.7 Mean durations of target long and short vowels (in ms) before stop codas 
in the six sessions (including final and isolated syllables only) 
As observed in the preceding chapters, the durational ratio of long to short 
vowels and the vowel-to-coda ratio (or V-C ratio) provide important clues for the 
vowel length distinction. Table 2.8 of Chapter Two shows that the durational ratio 
of long to short vowels in glide, nasal and stop coda environments ranged between 
2.0:1 to 2.2:1. The V-C ratios of rhymes containing long vowels in the glide and 
nasal environments were 1.7:1 and 1.8:1 respectively. The V-C ratios of rhymes 
containing short vowels in the same environments were 1:2.1 and 1:1.8 
respectively. 
Figures 4.8 and 4.9 below show the durational ratios of long to short vowels, 
and the vowel-to-coda durational ratios, of the child for the glide and nasal 
environments for each of the six sessions. As can be seen from the figures, the child 
produced adult-like durational ratio of long to short vowels in the glide coda 
environments (about 1.96:1) at 1;10, while the durational ratio in the nasal coda , 
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environments (around 2.97:1) at 1;10 strikingly exceeded the adult value. The child 
developed the adult-like long-to-short-vowel ratio before stop codas later from the 
age of 2;0 onwards. 
With regard to the syllable internal vowel-to-coda durational ratios； the 
values in target long-vowel rhymes with nasal codas in the child's production 
became adult-like at the age of 1;10, with a vowel-to-coda ratio of 2.21:1. Likewise, 
the target short-vowel rhymes with nasal codas produced by the child reached a 
vowel-to-coda ratio of 0.64:1 (or 1:1.56), which approached adult value, by the 
same age. However, in the glide coda environment, the vowel-to-coda ratio in 
target long-vowel rhymes, with a mean value of around 1.5:1 in the earlier sessions, 
did not approximate adult values until 2;0； although the ratio In short vowel rhymes 
generally approached 1:2 from 1;10 onwards. 
To conclude our observations, significant differences in duration between 
target long and short vowels before nasals and stops were found in the child's 
speech as early as 1;6, although the differences were not as pronounced as those in 
adult speech. The durational differences between long and short vowels became 
adult-like first in the glide and nasal coda environments by 1;10, and later in the 
stop coda environment by 2;0. The internal vowel-to-coda durational patterns in 
both long-vowel and short-vowel rhymes also became adult-like before nasal codas 
by the age of 1;10, though the vowel-to-coda ratio did not fully mirror the value of 
2:1 in the long-vowel rhymes with glide codas in the child's production during the 
observed age span. 
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Figure 4.8 Mean durations of the vowel and coda of long/short-vowel rhymes 
before glides in the six sessions (position controlled) 
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Figure 4.9 Mean durations of the vowel and coda of long/short-vowel rhymes 
before nasals in the six sessions (position controlled) 
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4.3.2 Development of vowel length and prosodic structure in Cantonese 
4.3.2.1 Developmental properties of segment durations 
By carefully examining the developmental data, we observe several important 
durational patterns of vowel nucleus, codas, and rhymes in the development of 
prosodic structure of the child. Here we will focus on three aspects: the 
development of the length of open syllables, the vowel quantity opposition, and 
the coda durations. 
As observed in Chapter Two, the Cantonese rhyme tends toward a stable 
duration. Table 2.7 of Chapter Two has shown that the durations of rhymes for 
open syllables (consisting of long vowels) were calculated to be 309, 280, 334, and 
407 ms in the studies of Kao (1971), Lee (1983, 1985), Zee (1995) and Shi and Liu 
(2005) respectively. In our own measurements of rhyme durations in our adult 
Cantonese subject, as can be-seen from Table 2.8 of Chapter Two, the durations of 
rhymes for long vowel rhymes with glide and nasal codas were calculated as 348, 
376 respectively, and those for short vowel rhymes with glide and nasal codas were 
332 and 309 ms respectively. It is clear from these figures that the duration of 
rhymes in closed syllables does not differ from that of rhymes of open syllables (the 
% 
latter at around 300 ms or more) in adult Cantonese speech. 
Let us turn to the size of the rhyme in open and closed syllables in the child. 
As shown in Figure 4.8, the long vowels in open syllables produced by the child had 
a mean duration of 221 ms, close to the target long vowels in closed syllables, 
calculated as 220 ms for long vowels with nasal endings and 171 ms for long vowels 
with glide codas from the age of 1;6 to 1;10 (cf. Figure 4.5 and Figure 4.7). The open 
syllables had only half the length of the closed syllables at the age of 1;6, and two , 
thirds of the length of the closed syllables at the age of 1;8 and 1;10. This pattern 
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obviously differed from that of adult speech, in which the open syllables have a 
similar duration as the closed syllables. However, from the age of 2;0 onwards, the 
child lengthened the long vowels in open syllables, so that their mean duration 
approximated that of the closed syllables. (Figure 4.10) 
Comparison of different rhyme durations in the six 
sessions (position controlled) 
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Figure 4.10 Comparison of different rhyme durations in the six sessions (including 
final and isolated syllables only) 
With respect to the closed syllables, the vowel duration was equal to the 
duration of coda in half of the target long vowels and half of the target short vowels 
at the age of 1;6. However, in the later sessions, especially at the age of 1;10, the 
child lengthened the target long vowels in closed syllables, with shortening of the 
coda at the same time. On the other hand, the target short vowels were shortened 
before sonorant codas, which was reflected in the fact that the child sometimes 
used a stop coda to provide an abrupt ending to a target short vowel (at above 30% 
level at 1;10) before producing a nasal coda {see 4.1). 
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(4.1) The shortening of target short vowels in closed syllables (CKL) 
gam 6 'press' /k^m/ [ke(p"")m:] 1;8.17 
gan6 'close' /kmi/ — [ka(k')g] 1;8.17 
faan3 'sleep' /fen/ - > [fek^gi] 1;10.10 
saml 'heart' /swoaJ — [sEk'qi] 1; 10.10 
tung4 'and' /thoq/ — [thrk^g:] 1;10.10 
Further, the duration of the codas following target short vowels also tended 
to be lengthened and became twice the length of the preceding vowels at 1;10. 
Therefore, although the target long vowels in closed syllables were almost three 
times the length of the target short vowels in the child's production, the overall 
durations between long-vowel rhymes and short-vowel rhymes did not brave a big 
difference, (cf. Figure 4.6 and Figure 4.10) 
To summarize, three notable developmental durational patterns should be 
pointed out. Firstly, the child produced target closed syllables much longer than the 
open syllables before two years of age, but he lengthened the open syllables later 
at 2;0 so that they had similar durations as the closed syllables. Secondly, it shows 
that the vowel quantity was neutralized in half of the data in closed syllables at 1;6, 
but the opposition of vowel quantity between the target long and short vowels 
began to be emphasized at 1;10. This is reflected in the child's lengthening of the 
target long vowels and in his shortening of the target short vowels, as well as the 
striking difference between the long/shot vowels. Thirdly, when shortening the 
target short vowels in closed syllables, the child also lengthened the codas of the 
syllables. As clearly shown in Figure 4.10, the durations of all of the rhymes became 
roughly the same in the child's production after two years of age. 
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4.3.2.2 Developmental model 
Based on the observed durational patterns shown In the developmental data of CKL, 
we hypothesize a developmental model of vowel length and prosodic structure in 
Cantonese syllables, with the first adult model (Model A), which captures 
language-specific prosodic properties, as the steady state of vowel length 
acquisition. The prosodic structures of syllables in different developmental stages 
are shown in (4.2). 
At Stage I, the rhyme assumes the unmarked value of the Branching Nucleus 
parameter (Fikkert 1994; see our discussion in Chapter Three), and only has a 
nucleus position; it cannot branch into nucleus and coda. Further, the rhyme is 
constrained by a minimally and maximally bi-moraic syllable size, based on the idea 
of Demuth and Fee (1995) discussed in Chapter Three. Therefore, vowels in this 
stage are long and cannot be followed by codas; vowel quantity is not distinctive. 
At Stage II, on further exposure to Cantonese input, the child becomes 
aware of the presence of vowels co-occurring with consonant endings in syllables in 
the language, and the rhyme branches into nucleus and coda. The added coda 
brings along a new mora to the syllable size so that the closed syllable now has 
three moras. The first mora is mapped to the first vowel； and the third mora is 
taken by the coda. The second mora is shared by the vowel and the coda. Thus, the 
vowel and the coda each have one and a half moras. At this stage, vowel quantity is 
still non-distinctive in the target long and short vowels; syllables are minimally 
bi-moraic and maximally tri-moraic, and the closed syllables are longer than the 
open syllables. 
At Stage III, the child resets the value of the Branching Nucleus parameter 
(Fikkert 1994), so the nucleus, can branch, allowing the opposition of , 
mono-positional verses bi-positional nuclei. The target long vowel seizes entirely 
86 
two moras and the coda is delinked from the second mora, while the short vowel is 
delinked from the second mora and allows the coda to occupy two moras 
exclusively. Vowel quantity therefore is distinctive and has a 2:1 durational ratio of 
long to short vowels. The internal durational ratio of long vowel to coda is 2:1 while 
the durational ratio of short vowel to coda is 1:2. Rhyme duration remains constant 
in closed syllables. 
(4.2) Developmental stages of the prosodic structures in Cantonese syllables of CKL 





stage II: a. open syllable • b. closed syllable 
a a 
/ A fk . . . 
IV I k N • 
C V C V C 
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stage III: a. open syllable b. closed syllable c. closed syllable 
with a long vowel with a short vowel 
a o a 
fA A A 
/ l i [X [i \1 \l [i \1 
IV 11/^ 
C V c v c c v c 
stage IV: a. open syllable b. closed syllable c. closed syllable 
with a long vowel with a short vowel 
o o o 
/A /A A 
\1 \1 [1 \1 \i \1 \X \1 \1 
f V I K I ( I N 
C V c v c c v c 
At the final stage, the child realizes that in his target language, the syllable 
or rhyme has a stable size of three moras for all types of syllables, instead of the 
unmarked rhyme size of two moras. Open syllables are therefore lengthened to 
three moras, so that all syllables have a tri-moraic size, and the durational ratio of 
vowels in open syllables, long vowels in closed syllables, and short vowels in closed 
syllables becomes 3:2:1. 
It should be pointed out that the first stage in our model cannot really be 
shown in our data, probably because our analysis window did not cover the period 
from the onset of first words, and the child had already imitated many words as 
early as 1;6. The postulation of this initial stage can be justified, as the study of 
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Kong (1997) shows that her subject did exhibit a stage when he only produced open 
syllables. Our data reveal that the prosodic structure of syllables in our subject, CKL, 
developed from Stage II to Stage III as early as the age of 1;6. 
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Chapter Five 
Acquisition of vowel length and its contrastive function: 
Experimental studies 
This chapter reports the experimental studies on vowel length acquisition in 
Cantonese, testing Cantonese children's sensitivity in differentiating vowel length 
pairs realized in actual words and novel words. We will first introduce the objectives 
and the methodology of the experiments. We present the Actual Wore! experiment 
in Section 5.2 and the Novel Word experiment in 5.3. The overall experimental 
findings of the two experiments are summarized at the end of the chapter. 
5.1 Objectives of the experimental studies 
Our naturalistic longitudinal study of vowel length acquisition in the 
Cantonese-speaking child, reported in the preceding chapter, indicates that children 
could become sensitive to the phonological opposition of quantity in Cantonese 
vowel length as early as one and a half years of age, reflected in significant 
durational differences between target long and short vowels in closed syllables in 
speech production. However, this does not necessarily mean they are capable of 
differentiating the (near) minimal pairs of words contrasting in vowel length. The . . 
ability to tell apart minimal pairs depends crucially on an understanding of the 
distinctive function of vowel length, as well as lexical knowledge, i.e. knowledge of 
which words are mapped to syllables containing long vowels and which ones are 
associated with syllables with short vowels. In order to understand when Cantonese 
children tune in to the contrastive function of vowel length in signaling different 
meanings, we went further to design perceptual experiments to directly test 
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children's ability to make use of vowel length in distinguishing minimal pairs. Two 
such experiments were designed, one using actual words and the other using novel 
words, addressing the following issues: 
(a) Whether two-to-three year-old Cantonese-speaking children are 
sensitive to vowel length contrast in Cantonese; 
(b) The relationship between their awareness of vowel length contrast and 
the coda environment; 
(c) The extent to which lexical knowledge plays a role in their knowledge of 
vowel length. 
Pairs of actual words in Cantonese contrasting minimally in vowel length in 
different coda environments, tested with a picture choice task, were used as test 
materials in Experiment I. In Experiment II, pairs of novel words contrasting 
minimally in vowel length in the stop coda environment were tested with a Mutual 
Exclusivity task (Markman 1990). 
5.2 Experiment I - Actual Word Test 
5.2.1 Subjects and materials 
Eleven children aged between 2;3 and 3;6 (five boys and six girls; mean age= 2;11) 
were tested in a kindergarten in Guangzhou, with a picture choice task, using 
monosyllabic actual words contrasting in vowel length in glide, nasal and stop coda 
Environments. 
The test consisted of 28 minimal pairs, a total of 56 test items consisting of 
both the long vowel and the short vowel members of the pairs (See Appendix II for 
details). In the end, only the data on 26 pairs were included in our analysis, as 
results on two of the pairs could not be accurately interpreted due to pictorial , 
representation problems. 
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Three pairs of long and short vowels were used in the test, i.e., the low 
vowels [a:] and [B], the mid front vowels [E:] and [e], and the mid back vowels [ � : ] 
and [o]. Altogether, four pairs of test items occurred in syllables with glide codas 
involving the vowels [a:] and [B]. Eleven pairs of the test items occurred in syllables 
with nasal codas, consisting of five pairs containing [a:] and [B], three pairs 
containing [£:] and [e], and three pairs containing [o:] and [o]. Finally 11 pairs of the 
test items had syllables with stop codas, consisting of four pairs containing [a:] and 
[ts], three pairs containing [E:] and [e], and four pairs contrasting [O:] and [o] (See 
Appendix I for details). 
All of the test items were embedded in the test sentences shown in (5.1), 
and randomized into four blocks. The test stimuli were produced by a 22 year-old 
female native speaker of Cantonese and recorded in an acoustically shielded 
chamber. The mean durations of vowel nuclei, coda, and rhyme of the target 
syllables in the stimuli have been given in Table 2.8 (see Chapter Two). 
(5.1) Instruction sentences in Actual Word Test 
"vjQQ bei ngo teng, bingo hai hou m hou?" 
say to me hear, which be — good not good 
"Tell me, which one is OK?" or • 
''waa bei ngo teng, bingo dungzok hai hou m hou?" 
say to me hear, which action be — good not good 
"Tell me, which action is OK?" 
5.2.2 Procedure 
The children were tested individually. Before each block of the main test, a picture 
naming task was carried out to test the child's understanding of the words whose 
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referents were shown in the test pictures in the block. The experimenter (i.e. the 
author) showed the child the test pictures one by one on the computer screen, and 
encouraged him/her to name the object, action or situation denoted in the pictures. 
An experimental assistant marked down the child's responses at the same time. The 
interactions between the experimenter and the child subject were video recorded 
by a SONY HDD SOX digital camera. 
In the main test session, for each test item； the child listened to a recorded 
stimulus, and was asked to point to a pictured object, movement or situation from 
three pictures shown on the computer screen, whose positions were randomized. 
The three pictures showed the objects, movements or situations denoted by the 
two minimally different words, and also a distractor object or action. An example of 
the picture choice item is given in (5.2), with further details given in Appendix III. 
(5.2) A sample picture choice item for the minimal word pair /sa:m55/ 'clothes' 
versus /sBm55/ 'heart'. 
禱 I a 
.^  V . » ^ 
K � : ； 1 




The child was considered to be able to distinguish a particular minimal pair only 
when s/he could successfully point out the target referent in both test items of the 
long/short vowel pair. The overall accuracy rates in children's identification of the 
referents of the vowel length pairs among the 11 children were quite low, ranging 
from 12 to 55%, with the mean overall accuracy rate calculated to be 28%. 
The subjects were divided into three groups based on their overall accuracy 
rates on the test. As shown in Figure 5.1, those achieving an average of 40-55% 
percentage correct in the whole test were labeled Group A (n=3), those gaining an 
average of percentage correct at 25-35% for the test were termed Group B (n=3), 
and the remaining children who only distinguished 10-20% of the minimal pairs 
were classified as Group C (n=5). 





I 70% — i 巡 
8 60% - -
I 50% — W ™ ^ ^ 
I 40% - - • 扣 0/ 3_6%3..6.%.—— H vowel + glide 
g 30% — m B i l — • a vowel-, nasal-
a 20% - M _ , 
M H m - ^ 9 % 偏 n vowel + stop 
: J J i l l 
3;0-3;6 2;3-3; l 2;3-3;4 2;3-3;4 • 
Group A Group B Group C All groups 
(n=3) (n=3) (n=5) { n = l l ) 
Figure 5.1 Perception of vowel length contrast by Cantonese-speaking children in 
the Actual Word Test 
Figure 5.1 shows that the children generally performed better for vowels 
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before glides and nasals than for vowels preceding stops. The Group A children 
performed accurately 55 to 67% of the time for the items with sonorant codas, and 
only 30% of the time for the items with stop codas. The accuracy rates of the 
intermediate Group (Group B) ranged between 25% and 45% on the items involving 
sonorant codas, but the figure dropped to 15% for the words with stop endings. The 
same pattern can be observed in Group C, with the accuracy rates in the 18% to 
25% range for words involving glide and nasal codas, and in the region of 10% for 
items with stop codas. Overall, the accuracy rates for the test items having glide and 
nasal codas were around 36%, while those for the items containing stoja codas were 
only 17%. These statistics demonstrate the clear influence of the coda environment 
on the perception of lexical pairs contrasting minimally in vowel length. 
To examine the interaction between lexical knowledge and vowel length 
perception, a chi-square test was carried out on the child's knowledge of the test 
word pairs and their performance on the picture selection task. In our analysis, a 
child was considered to have lexical knowledge of a target word pair only if s/he 
demonstrated knowledge of both members of the pair. We considered the child to 
possess knowledge of a target word, if and only if: 
(a) S/he could spontaneously utter the target word denoted by the test 
picture; or 
(b) S/he could identify the referent object as distinct from other objects in 
the test picture, when hearing the target word the experimenter produced; or 
(c) S/he could immediately use the target word in a different syntactic 
structure from what s/he heard from the experimenter. 
The overall results show that the relationship between children's successful 
identification of the referents of members of a long/short vowel pair and their 
lexical knowledge is significant 286) = 9.191, p = .002). The more children 
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were familiar with members of a word pair contrasting in vowel length, the better 
their ability to tell apart these words in a referent identification task. This 
relationship is, however, not significant 44) = .374, p = .541) for the test items 
containing glide codas [a:j] vs. [^J] and [a:w] vs. [BW]. 
The statistics suggest that when the child failed to differentiate a long/short 
vowel pair, it may be because of his/her lack of lexical knowledge of at 丨east one of 
the two words. It indicates either they have acquired the pairs of words, i.e., they 
know the meanings and the approximate phonological representations of the 
words, but have not acquired the vowel length distinction; or they were able to 
differentiate the minimal pairs on the basis of vowel length differences in the 
absence of complete lexical knowledge. 
5.2.4 Summary of findings of the Actual Word experiment 
Our experiment on Cantonese-acquiring children's perception of actual words 
contrasting in vowel length has shown that as late as three years of age, 
Cantonese-speaking children are not fully competent in distinguishing words 
exclusively relying on the difference between long and short vowels. Secondly, 
three-year-old children found it easier to differentiate vowel length word pairs 
involving syllables with glide and nasal codas than those containing syllables with • 
stop codas. The difficulty of detecting vowel length differences in syllables with stop 
codas may have to do with the short temporal span of these syllables • 
(approximately 80 ms for short-vowel syllables and 160 ms for long-vowel syllables, 
cf. Table 2 of Chapter Two). The relative accessibility of vowel length in syllables 
with nasal and glide codas may also be due to the additional cue supplied by the 
compensatory relationship between vowel length and coda duration, as discussed 
at length in Chapter Two. Thirdly, children's ability to differentiate words 
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representing a long/short vowel pair is closely tied to their familiarity with the form 
and meaning of these words. 
5.3 Experiment II - Novel Word Test 
To ascertain children's sensitivity to the phonological function of vowel length as a 
factor independent of lexical knowledge, novel words were used as stimuli in 
Experiment II. A procedure based on the mutual exclusivity test paradigm of 
Markman (1990) was employed. 
5.3.1 Experimental design 
Children were presented with two novel objects, one of which was taught with a 
novel label. The other object was introduced without a label. When presented with 
a new novel label contrasting with the taught label only in vowel length, children 
were expected to point to the unlabeled object rather than the labeled one as the 
referent of the new novel label, assuming that they would follow the principle of 
mutual exclusivity paraphrased as 'Novel name, novel object' (Markman 1990). 
Three experimental conditions were included to determine whether 
children would point to the unlabeled object only when they heard a phonetic 
difference relevant to a phonological contrast: (a) a repeat condition, in which the 
new novel label (test item) was the same as the taught novel label (cue word); (b) a 
non-contrastive condition, in which the new novel label was produced with a . 
falsetto voice but phonologically not distinctive from the cue word; and (c) a 
contrastive condition, in which the new novel label was contrastive with the cue 
word minimally in vowel length. The first two conditions served as a phonological 
test to make sure children tune in to vowel length as a phonological difference 
rather than a pure phonetic difference. 
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We also used control items to separately examine whether children show a 
mutual exclusivity bias. In these control items (a total of 8 items), half of which 
were inserted in the training segment and the other half in the main session, the 
new novel label differed from the cue word in having more than two kinds of 
phonemic differences, for example, [mok'5] versus [pa:g55]. These control items 
served as a mutual exclusivity test to decide whether children would follow the 
mutual exclusivity constraint when doing the test, which is a pre-requisite for 
testing their sensitivity to the vowel length contrast. 
In designing the novel words, we used long and short vowels before stop 
codas only. The naturalistic study has shown that the magnitude of durational 
differences between the long and short vowels before stops became adult-like later 
than in the other coda environments. Experiment I has also shown that stops were 
the most difficult coda environment for children to distinguish long and short 
vowels realized in actual words. Moreover, the absence of a clear complementary 
durational relationship between vowel and stop coda would allow us to observe 
children's perception of a vowel length difference in the absence of coda cues. 
Therefore, children's performance with regard to the stop coda environments 
should show us the lower bound of their perceptual ability in detecting the vowel 
length contrast. 
5.3.2 Subjects and materials 
Forty-three Cantonese-speaking Children aged 2;0 to 3;7 years old {21 boys and 22 
girls, mean age = 2;11) from two nursery schools in Hong Kong participated in the 
experiment. The test materials consisted of eight novel cue words involving four 
words with low long vowel and four with mid long vowels in a stop toda 
environment (see Table 5.1). Each novel cue word was paired with three test items: 
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a repeat item (R) asking for the same object as the cue, a non-contrastive phonetic 
item (N) produced with a falsetto voice cueing for the same object, and a 
contrastive item (C) with the corresponding short vowel Inviting reference to a 
different object. 
Table 5.1 Experimental test items in the Novel Word Test 
Vowel Cue word Repeat Non-contrastive Contrastive 
type item (R) item (N) item (C) 
Low [pa:k^25] [pa:k"*25] [pa:k^25] (falsetto) [pEk^25] 
[ta:k^25] [ta:k^25] [ta:k^25] (falsetto) [tek^25] 
[ta:p^25] [ta:p"75] [ta:p，25] (falsetto) [tep25] 
Ika:t^25] [ka;f25] [ka:f25] (falsetto) \k^f25] 
Mid [pe:k，25] [pe:k""25] [pe:k"75] (falsetto) [pek^25] 
front [phe:k^25] [phe:k，25] [phe:k''25] (falsetto) [phek^25] 
Mid [po:k^25] [po:k^25] [po:k^25] (falsetto) [pok^25] 
back [to:k^25] [to:k^25] [to:k，25] (falsetto) [tok^25] 
The 24 items were tested in two experimental sessions (Session A and 
Session B). In each session, the 12 test items were randomized into two blocks 
together with four control items. The experimental sessions A and B were carried 
out on two different days in a week for each child, and the test order of the four 
blocks was also randomized. The novel words in the 24 test items were pictured as 
novel animate or inanimate objects. The novel animate objects were created by 
combining body parts of various animals, and animating/imaging the inanimate 
actual objects, while the novel inanimate objects were designed by modifying the 
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actual objects, combining parts of actual objects, building blocks, and shapes. In the 
piloting phase of the experiment, the novel objects were shown to adults to ensure 
that no actual words would be applied to the novel objects on first encounter. A 
representative sample of the novel objects is given in (5.3), with further details 
given in Appendix IV. 
(5.3) A sample of novel objects as referents of novel words 
a. animate objects 
b. inanimate objects 
5.3.3 Procedure 
The children were tested individually. The experimenter and the assistant used 
puppets to interact with the child, and presented the child test pictures in the-form 
of album books. During the test, all the stimuli and test questions were uttered by 
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the experimenter (i.e., the author), who was a female native speaker of 
Cantonese.53 The instruction sentences are shown in (5.4). A training segment was 
provided for the child before the main test of each s e s s i o n . i n a test trial, the child 
was first shown the two novel objects without being introduced any labels, so s/he 
could get familiar with the two objects and would not find one object more novel 
than the other. Then the experimenter introduced one of the novel objects to the 
child individually, using the corresponding novel cue word (e.g. "This is a '[pa:k'25]'; 
it is a '[pa:k'25]'!"). The child was also encouraged to imitate the word and tell the 
assistant what the object was ("Tell the giraffe: what is this?"). Later on, both of the 
novel objects in the pair were presented again, and the child was asked to point at 
one of the object after listening to the test question (e.g. "Now the panda would 
like to know, which one is the '[pBk，25]'?"). A mini-segment of the test is illustrated 
in (5.5), with details provided in Appendix IV. 
(5.4) Instruction sentences in Novel Word Test: 
"neigo hai — laigaa; keoi hai — laigaa!" 
this CL be — stp; it be — stp 
"This is a it is a __!" 
"nei waa faan bei coenggengluk zi: neigo hai me laigaa?" 
you tell back le t giraffe know: this CL be what stp 
"Tell the giraffe: what is this?" 
"gam jigaa hungmaau soeng zi, bingo hoi一aa?" 
53 The author, aged 29, was born and grew up in Guangzhou, China, to parents who were also 
natives of Guangzhou. A human voice was used instead of an audio-recording, as it was found in 
pilot sessions that using a human voice would enable the experimenter to interact with the child 
subject more naturally and hold the child's attention better. -
The training segment for each test session contained two test items were of the same nature as . 
the control items in the main sessions. The control items tested whether children showed a mutual 
exclusivity bias. 
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Now panda want know, which CL be — stp 
"Now the panda would like to know, which one is a _？〃 
(5.5) A mini-segment of the Novel Word Test contrasting [pa:k"75] and [pBk"'25] 
« 
(a) Both of the novel 
objects are shown to 
A A A a . the child without 
丄b O J j ^ � 飞 introducing any labels. 
(b) One of the novel 
objects is introduced 
1 1 ， 6 ~ ^ with the novel cue 
"This is a [pa:k^25]!" 
‘ ^ ^ f e / y ^ ^ , : : : 
‘ (c) Both of the novel 
, objects are presented a/ " " ^ ^ C ^ again, and the child is 
$ 1 / % ‘ asked to point to one of 【 ^ ^ M : : : 二 ： 
question. 
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The mean values of children's correct answers on different experimental test items 
are shown in Table 5.2. In general, the children could successfully select the same 
referent as the cue word in the repeat condition and non-contrastive condition, 
achieving an average of 88% and 84% percentage correct, respectively. Further, the 
children basically followed a mutual exclusivity constraint when doing the test, 
gaining an average of 74% correct for the control items. However, they pointed to 
an unlabeled object when hearing a new novel label contrasting with.the cue word 
minimally in vowel length only 54% of the time. 
Table 5.2 Mean values of correct identification of novel referent in different 
experimental conditions/items (maximum number correct=8) 
Phonological test Mutual exclusivity test Target test 
Experimental Repeat Non-contrastive Control Contrastive 
condition/item item item item item 
Number correct 7.0 6.7 6.1 4.3 
Percentage correct 88% 84% 74% 54% 
First, we examined the number of children who passed the phonological test,, 
that is, those children who would correctly choose the same referent as the cue 
word referent in the repeat condition and in the non-contrastive condition. They 
would not pick a different object when the phonetic difference they heard was not 
phonologically relevant. We found 32 children out of 43 obtaining at least 6 out of 8 
correct answers in both repeat items and non-contrastive items. The chances of 
arriving at this level of performance by a binomial probability calculation would be 
14 out of 100 (0.14), suggesting these children consistently chose the same object 
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as the referent of the test item rather than performed randomly. 
Table 5.3 Number and percentage of children passing the control tests and the 
target test 
Phonological test Mutual exclusivity test both P and M tests Target test 
Number 32 35 28 18 
Percentage 74% 81% 65% 42% 
Of the 32 subjects who passed the phonological test, only 28 of them 
displayed a significant mutual exclusivity bias, based on the fact that they correctly 
answered three quarters or more of the control items. The 28 children who passed 
both the phonological test and the mutual exclusivity test were correct 60% of the 
time for the target test on contrastive items. Moreover, 14 out of these 28 subjects 
have achieved at least 6 correct answers out of 8 contrastive items, Indicating half 
of the children could consistently distinguish vowel length differences in novel 
words ending with stop codas. 
5.3.5 Summary of findings of the Novel Word experiment 
The results of Novel Word Test provides evidence for Cantonese-speaking children's . 
sensibility to the phonemic contrasts of vowel length at the age of 2 to 3;6 year-old, 
with half of the children being successful in distinguishing novel words with stop • 
codas contrasting minimally in vowel length in the absence of prior lexical 
knowledge. However, the remaining half of the children did not seem to show 
sensitivity to vowel length differences in the experiment. This may be due to the 
inherent difficulty of distinguishing novel words on the basis of a single phonemic 
difference between members of the word pairs. It is possible that children may 
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have failed on the Novel Word tasks, even if they have tuned in to the opposition of 
vowel length. Taking the demanding tasks in the experiment into consideration, as 
well as the fact that half of the children could survive the stringent tasks, we would 
interpret the results as an indication that Cantonese-speaking children at the age of 
three years old have tuned In to the contrast of vowel length. 
5.4 Overview of the two experiments 
The experiments of the Actual Word Test and the Novel Word Test show different 
results on children's mastery of vowel length distinction. The Actual Word Test 
reveals that Cantonese children as late as three years old are not fully competent in 
distinguishing words only relying on the difference between long and short vowels. 
However, the Novel Word Test suggests that Cantonese-speaking children by three 
years of age have already tuned in to the phonemic differences of vowel length in 
Cantonese and are able to distinguish novel words relying on this contrast. This 
indicates that Cantonese-speaking three-year-olds have become sensitive to the 
phonological contrast of long and short vowels, though the perception of various 
vowel contrasts is affected by factors such as the lexical frequency of the contrast, the 
lexical knowledge of children, and the coda environment. 
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Chapter Six 
Conclusions and discussions 
6.1 Vowel length in child Cantonese: key findings 
In this thesis, by comparing and evaluating two competing analyses of Cantonese 
vowels, we have motivated the analysis adopted in the present study, which 
highlights the salience of vowel length and pattern congruity in pairing long and 
short vowels in Cantonese, as demonstrated in Section 2.1. Further, we have 
provided a comprehensive review of the literature on the vowel length and syllable 
structure of Cantonese, and presented new acoustic data in support of the three 
salient durational features of Cantonese vowel length, as can be seen from Tables 
1.1, 2.8, 2.9 and 2.10 of Section 2.2.1. First, a 3:2:1 ratio can be found in the 
durations of long vowels in open syllables； long vowels in closed syllables, and short 
vowels in closed syllables. Second, the long vowel in a closed syllable is twice as 
long as the short vowel in a closed syllable, and the durational ranges of long and 
short vowel produced under the same tempo do not overlap. Third, a 
complementary durational relationship between vowel and coda can be established, 
with the long vowel being twice as long as the coda, and the short vowel being half • 
as long as the coda. Given these robust durational patterns reflected in the internal 
temporal organization of Cantonese rhymes, which preserve the constancy of • 
rhyme duration in Cantonese, we have demonstrated the constant syllable 
weight/size of Cantonese, and also highlighted the important phonological status of 
rhyme duration in perceiving Cantonese prosody. Accordingly, we have proposed 
two prosodic models of Cantonese syllables, and adopted the first model (Model A) 
in the present acquisition study in order to capture the durational patterns of vowel 
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length in Cantonese. Taking mora to be a timing unit, this model presents a 
tri-moraic account of Cantonese syllable structure and syllable size, which is 
inspired by the bi-moraic model of Cantonese syllable structure of K.-H. Cheung 
(1986), as explained in Section 2.2.3. In our model, all syllables in Cantonese have a 
size of three moras: the long vowel in an open syllable is represented by three 
moras; the long vowel in. a closed syllable is assigned two moras and its coda one; 
the short vowel in closed syllables has one mora, with the coda having two moras. 
This thesis investigated the acquisition of vowel length in Cantonese 
focusing on a range of factors: (a) the age at which vowel quantity differences are 
evidenced in child speech, that is, the age at which long and short vowels are 
systematically distinguished by phonetic duration in children's utterances; (b) the 
ways in which vowel length develops as an integral component of prosodic 
structure, in particular, the rhyme structures of the long and short vowels at 
different stages of children's development; and (c) children's sensitivity to the 
phonemic function of vowel length, and the role of lexical learning in phonological 
development. 
In analyzing the speech of a Cantonese-acquiring child from 1;6 to 2;7, we 
have found significant durational differences between target long vowels and target 
short vowels in nasal and stop coda environments as early as 1;6, as shown in" 
Figures 4.6 and 4.7 of Section 4.3.1, though the differences were not significant in 
the glide coda environments before 1;10 probably due to the very small data 
sample (as shown in Figure 4.5). This suggests that the Cantonese-speaking child at 
the age of one and half is already aware of the quantity difference between long 
and short vowels. The durational ratio of long to short vowels in the child speech 
became adult-like (i.e., 2 :1) in the glide and nasal coda environments at 1;10, and 
in the stop coda environment at 2;0, evidenced in Figures 4.8 and 4.9 of Section 
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4.3.1. With respect to the vowel-to-coda durational ratio, the target long vowel 
rhymes produced by the child approached adult values by 1;10, with the 
vowel-to-coda ratio being 2:1; similarly, the target short vowel rhymes showed a 
vowel-to-coda ratio of 1:2 by the same age. 
The development of adult-like durational differences between long and 
short vowels, and in the internal temporal organization of long-vowel and 
short-vowel rhymes, indicates the child's grasp of the quantity dimension of the 
vowel length distinction in Cantonese. 
With a more careful investigation of the developmental data； we observed 
some interesting durational patterns involving dynamic changes in the 
developmental course of the prosodic structure. First, the rhyme durations of open 
syllables developed from a stage when the mean duration was only half as long as 
that of the closed syllables (at 1;6), later to a stage when they had roughly two 
thirds the length of the close syllables (at 1;8 and 1;10), and finally to a-stage when 
they showed similar mean duration to the closed syllables after the age of 2;0 (as 
illustrated in Figure 4.10). Second, focusing on the internal durational patterns of 
the closed syllables, we found that vowel and coda in a closed syllable were 
produced by the child with equal durations in half of the data at 1;6, regardless of 
whether they are target long or short vowel rhymes. However, the child lengthened. 
most of the target long vowels in closed syllables, and managed to shorten the 
target short vowels before sonorant codas in the later sessions (typically at 1;10). 
Third, at the same time when durational differences were made between the target 
long and short vowels, the duration of codas also tended to be shortened or 
lengthened subject to the duration of the preceding vowels, so that the long-vowel 
rhymes and short-vowel rhymes in the child's production maintained a roughly 
similar duration even though the vowel durations varied a great deal. After two 
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years of age； the durations of different rhyme types became approximately the 
same in the child's production, as shown in Figure 4.10. Based on these 
developmental durational properties observed in the child data, we hypothesized a 
developmental model of vowel length and prosodic structure in Cantonese syllables, 
with the first adult model (Model A in Section 2.2.3) as the final stage of vowel 
length acquisition, as shown in Section 4.3.2.2. 
After analyzing how Cantonese vowel length develops in terms of a model of 
Cantonese prosodic structure, we further addressed the crucial issue when children 
tune in to the contrastive function of vowel length. Our experimental findings from 
the Actual Word Test show that children aged two to three performed poorly in 
distinguishing actual words contrasting minimally in vowel length, and the low 
accuracy was closely related to their incomplete knowledge of the words in the 
vowel length pairs, as shown in Figure 5.1 of Section 5.3. However, a different group 
of children of a similar age did much better in the Novel Word Test, with half of 
them consistently distinguishing the novel words contrasting minimally in vowel 
length, as reported in Tables 5.2 and 5.3 of Section 5.4, indicating that half of the 
Cantonese children at the age of two to three years may have already become 
sensitive to the contrastive phonemic function of vowel length in Cantonese, and 
employed it to distinguish word meanings, while the other children remained, 
insensitive. 
6.2 Factors affecting acquisition: the role of vowel quantity in the vowel length 
contrast 
As we have discussed in Chapter One and Section 3.2.1.1, languages may differ in 
the role which vowel quantity plays in the vowel length contrast. Comparing the 
child data of various languages and those of Cantonese, we further confirm that the 
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role of vowel quantity in the vowel length contrast in the languages affects the 
acquisition of vowel quantity dimension of vowel length in children. 
In a language such as Japanese, in which vowel length is signaled not by 
vowel quality but exclusively by vowel duration, one might expect children to be 
sensitive to durational differences of long and short vowels early, given the crucial 
importance of quantity in the phonological distinction. This prediction is confirmed 
in the study of Ota (1999), who reports that three Japanese-acquiring children 
produced significant durational differences between target long and short vowels as 
the first open syllables of disyllabic words between 1;4 to 1;7, with a mean 
long-to-short ratio varying from 1.33 to 1.78 among the three children. 
In contrast, in languages such as English, German, Swedish or Cantonese, in 
which vowel length is realized by both vowel quality and vowel duration, children 
may find it more difficult to grasp durational differences between long and short 
vowels, which are also distinguished by quality features. On this reasoning, one may 
expect children acquiring English, German, Swedish or Cantonese to show 
sensitivity to the quantity dimension of vowel length at a later age. This conjecture 
is supported to a certain extent by data from child English when compared to child 
Swedish. (Stoel-Gammon and Buder 1998, Buder and Stoel-Gammon 2002) 
Our child Cantonese data, as well as data from child Swedish, have shown • 
however that children acquiring target languages in which vowel quantity plays an 
important role in signaling vowel length may develop durational differences 
between long and short vowels early, by the age of two. In other words, we suggest 
that the Cantonese-acquiring child may be helped by a number of phonetic facts 
about Cantonese vowels, specifically, the generally non-overlapping durational 
ranges of long and short vowels, the clear durational ratios of long and short vowels, 
as well as the complementary relation between vowels and codas. All these factors 
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contribute phonetic cues for the child regarding the vowel quantity distinction in 
Cantonese. However, these cues are language-specific in that they may not be 
concomitant features of quantity differences between long and short vowels in 
other languages than Cantonese. If this line of thinking is correct, the onset of 
sensitivity to vowel quantity differences in children may depend on the concrete 
details of how vowel length is manifested in the target language, which may be 
idiosyncratic (as discussed in Section 2.1). 
6.3 Vowel length development viewed as an integral part of the development of 
prosodic structure 
Our data have also highlighted the need to examine the development of 
vowel length in the context of the overall development of syllable and rhyme 
structures. As reported in Chapter Four, in the speech of our Cantonese-speaking 
subject, the durational ratios of long to short vowels became adult-like before 
sonorant codas at the same time as the internal vowel-to-coda ratios in the same 
consonantal environment (shown in Figures 4.6 and 4.9 in Section 4.3.1). This 
indicates that to the Cantonese-speaking child, a long vowel is a vowel 
approximately twice the length of the short vowel. In addition, a long vowel is one 
that precedes a short coda, whereas a short vowel is one that precedes a long coda." 
In the case of stop codas, which are not released, their closure durations are hard to 
perceive unless they are followed by other syllables. Therefore, it might take some 
time for the child to develop adult-like vowel quantity opposition in the syllables 
ending with stops in the absence of an overt inverse correlation of vowel and coda 
durations. The finding that the two durational ratios are achieved at roughly the 
same time by the child underscores the significance of the complementary 
durational relationship of vowel and coda in Cantonese, as discussed in Section 2.2. 
I l l 
Based on longitudinal developmental data on vowel, coda, and rhyme 
durations, and the adult model of Cantonese prosodic structure proposed in 
Chapter Two, we articulated a developmental model of Cantonese vowel length in 
Section 4.3.2.2. At the earliest stage, the rhyme is non-branching and only has a 
nucleus position; it cannot be branched into nucleus and coda. At the same time, 
the size of the syllable is constrained by a bimoraic requirement: the syllable must 
consist of exactly two moras. Therefore, vowels in this stage are long and cannot be 
followed by codas; vowel quantity is not distinctive. Later, when closed syllables are 
produced, the rhyme branches into nucleus and coda, with the coda adding a new 
mora to the syllable. Thus, the closed syllable has three moras. The vowel and coda 
share the second mora； and thus each has one and a half moras. At this stage, 
vowel quantity is not distinguished in closed syllables containing target long and 
short vowels. Syllables are minimally bi-moraic and maximally tri-moraic, with 
closed syllables longer than open syllables. At the third stage, branching of the 
nucleus in closed syllables is permitted, resulting in an opposition between 
mono-positional and bi-positional nuclei. The target long vowel seizes two moras 
and the coda is delinked from the second mora. The short vowel is delinked from 
the second mora, so that the coda now exclusively occupies two moras. Vowel 
quantity has then become distinctive. As explained in Chapter Two, the moraic. 
structure of the long-vowel and short-vowel syllables reflects the vowel and coda 
durations in an extremely transparent manner. As long vowels in closed syllables 
occupy 2 moras, and short vowels in closed syllables only occupy 1 mora, the 
durational ratio of long to short vowels in closed syllables comes out therefore as 
2:1. As the coda is mapped to 1 mora in long vowel syllables, and to 2 moras in 
short vowel syllables, the vowel-to-coda ratio is therefore 2:1 in the former, and 1:2 
in the latter. At the final stage, the child becomes aware of the general syllable size 
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requirements of Cantonese, and lengthens the open syllables to three moras. Thus, 
the durational ratio of vowels In open syllables to long vowels in closed syllables to 
short vowels is 3:2:1. 
The developmental patterns reported in our study confirm some of the 
previous studies of vowel length, with respect to children's initial prosodic structure, 
and the way in which hierarchical structure develops in the syllable. The early 
restriction of syllable size to two moras echoes the putative universal prosodic 
constraint of early words evidenced in previous acoustic studies of early words in 
German and Japanese. Further, the development of syllable structure in Cantonese 
is similar to that of other languages such as Dutch and English, in that the rhyme 
first branches into nucleus and coda, and later the nucleus further branches, 
leading to the opposition between simple and complex nuclei. 
In view of the complementary relationship between vowel and coda in 
Cantonese, our child data provide strong evidence that children exploit this 
relationship as well as the relative duration of the long and short vowels in their 
acquisition of vowel length. By tuning in to this complementary relationship of 
vowel and coda, children become aware that the target language imposes a 
constant size on the rime structure, that is, every syllable must have three moras. 
The fact that the tri-moraic structure develops in closed syllables before open' 
syllables lends support to our hypothesis that the vowel-to-coda ratio plays an 
instrumental role in children's understanding of the maximal syllable size in the 
target language. The addition of a mora to an open syllable constitutes a crucial last 
step in the acquisition of vowel length. 
6.4 Acquiring vowel length as a phonological opposition 
After analyzing how Cantonese vowel length develops in terms of a model of 
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Cantonese prosodic structure, we further addressed the crucial issue when children 
tune in to the contrastive function of vowel length. Our experimental findings from 
the Actual Word Test show that children aged two to three performed poorly in 
distinguishing actual words contrasting minimally In vowel length, and the low 
accuracy was closely related to their incomplete knowledge of the words in the 
vowel length pairs； as shown in Figure 5.1 of Section 5.3. However, a different group 
of children of a similar age did much better in the Novel Word Test, with half of 
them consistently distinguishing the novel words contrasting minimally in vowel 
length, as reported in Tables 5.2 and 5.3 of Section 5.4. In view of the experimental 
results of the Novel Word Test and our extensive analysis of the longitudinal 
production data in the preceding chapters, which reveals an early awareness of the 
complex quantity attributes of vowel length in Cantonese, we argue that 
two-to-three-year-old Cantonese-speaking children have already tuned in to the 
phonemic differences of long and short vowels in Cantonese. Nonetheless, their 
poor performance in distinguishing the vowel length pairs realized in actual words is 
due to the lack of lexical knowledge of particular words, and differences in lexical 
frequency between the members of the vowel length word pairs. Moreover, the 
number of minimal or near-minimal pairs that make use of a particular long/short 
vowel pair, in other words, the functional load of the vowel contrast {cf. Martinet' 
1953, Surendran and Niyogi 2009) probably influences the age at which children 
become sensitive to the difference between members of the pair in actual words. 
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Appendix III 
Results of the complete set of data in the naturalistic longitudinal study 
(a) Mean durations of target long and short vowels (in ms) before glide codas in the 
six sessions (including all positions): 
Mean durations of target fong and short vowels (in ms) 
before glide codas in the six sessions 
300 
200 三廻 = = = = = = = i ; ^ = ; 2 ; ; ; ^ : g = ; ; ; 2 I I I = = Z E E E E E 
B ^ m m M M M I M M ^ V -
150 E j g l l l Z I Z Z j E E E E ^ I I Z I 觀 — 臞 Long 
Q - n - l O O ^ H j ^St B ^ 
100 ——MSi '' H a ^ 70 75 “ 鬆 short 
m j g p d n a • • • • • ^ ^ ^ ^ ^ ^ ^ ^ - ' • I ^ B O ' M ' ^ . . . W f 
i "“ i B^ I ‘ 
I B :‘ >1 } m I I … i - - - m 
Q mm > M '__ J H ^ _ _：画 _ _ M m L 
1;6.14 1;8.17 1;10.10 2;0.12 2;4.14 2;7.11 
(b) Mean durations of target long and short vowels (in ms) before nasal codas in the 
six sessions (including all positions): 
Mean durations of target long and short vowels (in ms) 
before nasal codas In the six sessions 
300 : . 
250 - 2 1 9 m . 
± 200 :203-
J 63 "" ^ s l y — ：！^二：.-.: 
1 — - m 匾 M—— • Long . 
：.-1199- _ --醒08 一圓.—讎03:. 
„ m M I _ g 
1;6.14 1;8.17 1;10.10 2;0.12 2;4.14 2;7.11 
. » 
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(c) Mean durations of target long and short vowels (in ms) before stop codas in the 
six sessions (including all positions): 
Mean durations of target long and short vowels (in ms) 
before stop codas in the six sessions 
3 0 0 I 
2 5 0 — 
2 0 0 — — — m 
- — - — - — 
l o l 1 cT-a -
- - "144—111:: 
150 ^129 n g 115 — 醒 m 1^11=： • Long 
1;6 .14 1 ;8 .17 1 ; 1 0 . 1 0 2 ; 0 . 1 2 2 ; 4 . 1 4 2 : 7 . 1 1 
(d) Mean durations of the vowel and coda of long/short-vowel rhymes before glides 
(including all positions): 
Mean durations of the vowl and coda of long/short-vowel 
rhymes before glides (ail positions) 
^ s h o r t - v o w e l r h y m e ‘ 
J } ！ o n g - v o w e l r h y m e ; , 
S - 丨 o n g - v o w e l r h y m e 坤 t H ^ i 
^ s h o r t - v o w e l r h y m e i 
5 i o n g - v o w e l r h y m e � 
二 s h o r t - v o w e l r h y m e ^ ^ • Z ^ B ^ ^ S ^ S i 奶似任 
g � � • • ； 一 4 . 
S ” ” s h o r t - v o w e l r h y m e , . 
笠 i o n g - v o w e l r h y m e 
— [丨"TTT • I I t I ^^  . 
3 s h o r t - v o w e l r h y m e BgSVife聊腳-’二.:"7"£了..二"" 二二；二： 
二 r ^ T T T T T t ^ T T f t T ^ y t T f ：」 . • 
S- long-vowdrhyme ^ M M I ^ i M m ^ ^ ^ g ^ ^ ^ ： “ 
0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 ‘ 
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(e) Mean durations of the vowel and coda of long/short-vowel rhymes before nasals 
(including all positions): 
Mean durations of the vow! and coda of long/short-vowel 
rhymes before nasals (all positions) 
〒 ： . … I I I I 
l o n g - v o w e l r h y m e 〜 H g ^ i 
S s h o r t - v o w e l r h y m e 字 S 丨 i I 
fN l o n g - v o w e l r h y m e 议;【‘〒 j . | 
- s h o r t - v o w e i r h y m e \ \ 
O I I ^ ^ i I i i ! T T t Q ^ j .! i i I 
<N l o n g - v o w e ! r h y m e y 縱 為 礙 | ！ 
s h o r t - v o w e l r h y m e j ^ B g ： ^ ^ ^ ； | ‘ | j • • 。 — 
. n long-vowel rhyme ' ^ ^ M M ^ M B r ^ ^ f ^ ^ f e ^ 1 • 錢 coda 
g s h o r t - v o w e . r h y m e ^ ^ ^ ^ | | j 
2~ l o n g - v o w e l r h y m e I | i I 
S l o n g - v o w e l r h y m e [ _ 
0 100 200 300 400 500 
(f) Comparison of different rhyme durations in the six sessions (including all 
positions): 
Comparison of different rhyme durations in the six 
sessions (in ms) 
450 
400 - 气 : • 
I 200 + ( C ) V : { G , N } • 
I 150 ^ N r ^ -^{C)V{G,N} 
100 -.—— 
50 • 
0 1 1 1 1 1 I I 
1;6.14 1;8.17 1;10.10 2;0.12 2;4,14 2;7,11 
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Appendix III 
The list of words tested in the Actual Word experiment 
Long-vowel word Short-vowel word 
Rime I PA meaning I PA meaning 
type 
Vowel ka:w25 dumpling kBw25 dog 
+ ma;w55 cat mBw55 squat 
Glide ka:j55 street k^jSS chicken 
sa:j33 sun-bathe s^jSS small 
Vowel sa:m55 clothes SBm55 heart 
+ sa:n55 mountain/hill sBn55 stretch out arm 
Nasal la:m25 hug lBm25 think 
la:m33 stride over h m 3 3 collapse 
l a i m l l blue h m l l forest 
lE:g33 beautiful leg 3 3 shining 
ke:g33 mirror keg33 salute 
ke:g25* neck keq25* police 
te:q55 nail teq55 bell 
t^D:g25 candy � 2 5 bucket 
fo:g55 square fog55 wind 
b i q l l wolf log 11 dragon 
Vowel ja:p"'2 wave hand to beckon j 叩 e n t e r 
+ sa:p"'2 boil in water SBp"'2 ten 
Stop ta:p^2 step-on (verb) tep，2 hammer with solid object 
ta:p'2* pile tep'2* beat 
wa:f 2 slide WBf2 seed/stone of fruit 
SE:k'2 rock sek'2 eat . 
ze:k""2 bamboo mat zekf2 straight 
le:k，5 clever lek"'5 carry ‘ 
mD:k"'2 desert mokf2 wood 
to:kf2 measure tok""2 read aloud 
b:k，2 get down lok'2 green 
po:k"'2 thin pok'2 rest on surface with head 
dropped 
*The pairs were excluded from analysis due to pictorial representation problems. 
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Appendix III 
Examples of the test pictures used in Actual Word Test 
for each of the vowel pairs in various coda environments. 
(a) Minimal pair actual words /ka:j55/ 'street' versus /k^j'SS/ 'chicken'. 
I ^ P g P 
剛 • I 
(b) Minimal pair actual words /la:m25/ 'hug' versus /hm25/ 'think'. 
圓 1 
‘ , “ z i B n rTl 
参 麗 U ^ J -
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(c) Minimal pair actual words /teigSS/ 'nail' versus /teq55/ 'bell'. 





(d) Minimal pair actual words /lo:gl 1/ 'wolf versus/log 11/'dragon'. 
够 I 您 
[W][W] 
(e) Minimal pair actual words /wa:t'2/ 'slide' versus / WBf2/ 'seed/stone of fruit'. 
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(f) Minimal pair actual words / seik，!/ 'eat' versus / sek^2/ 'rock'. 
网 圓 




Examples of test pictures used in the Novel Word Test for the Repeat Condition, 
the Non-contrastive Condition, the Contrastive Condition, and the Control 
Condition 
(a) Sample test picture sequence for the Repeat Condition: 
(a) Both of the novel 
- < 
objects are shown to 
a ^ ^ ^ l L the child without 
‘ i n t r o d u c i n g any labels. 
_ 赫 : : : : •  "Look! Here are two 
. . . … … … . 、 . . . 。 一 . 〃 
- • - ‘ 、 ‘ 
(b) One of the novel 
f — T ^ r i ^ objects is introduced 
with the novel cue 
r ^ f f l H n word. 
I W 、 漏 "This is a [phE:k^25]!" 
‘ (c) Both of the novel 
. 、 , ‘ -- < 
‘ objects are presented 
. , again, and the child is 
asked to point to one of 
^^^^""""" the objects after 
^ ^ ^ ^ ^ ‘ listening to the test 
question. 
"Which one . is a 
… ： ’ ， • [phe:k，25]?� 
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(b) Sample test picture sequence for the Non-contrastive Condition: 
(a) Both of the novel 
, — objects are shown to 
M ^ the child without 
M ^ l r 三 F � 
‘ • 
• ‘ 、、 
(b) One of the novel 
objects is introduced 
f with the novel cue 
word. 
"This is a [ p 3 : k W 
,, (C) Both of the novel 
, — • objects are presented 
广 a g a i n , and the child is 
二 。 ： ： . . 
- W ^ ^ T m ^ ^ ^ ^ " ^ W B H P listening to the test 
參 question. 
\ "Which one is a 
‘ / ' [p3:k""25] ( f a l s e t t o ) ? " . 
^ ； ； I I 
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(c) Sample test picture sequence for the Contrastive Condition: 
(a) Both of the novel 
objects are shown to 
, ; 纖 • 圓 ^ the child without 
^ i i T T ^ ^ ^ r ^ ^ introducing any labels. 
“ "Look! Here are two 
• 
(b) One of the novel 
p . 乃 objects is introduced 
with the novel cue 
I j I I word. 
"This is a [ta:k^25]!" 
y u u u u u u u u u y u 
‘ (c) Both of the novel 
‘ 
objects are presented 
^ � , y j , ‘ • • again, and the child is 
' f I _ • - ' asked to point to one of 
； “ "： � . . ^ t* ' " J O L ‘ the objects after 
” � ^ ^ ' . . ' " - A S J ^ ^ S ^ ^ - ’ listening to the test 
b u o u u u u u u u u u O L J O O O question. 
"Which one is a 
. ' 、 ’： [teki25]?" � 
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(b) Sample test picture sequence for the Non-contrastive Condition: 
(a) Both of the novel 
objects are shown to 
. . I “ 丄 the child without 
� m ^ / 眺 i n t r o d u c i n g any labels. 
^ ^ "Look! Here are two 
xg^ g；. 一， 
V - . 
^ ‘ , 
-
(b) One of the novel 
objects is introduced 
C f e ^ a i ^ ^ a ^ l J with the novel cue 
— w o r d . 
O j l ^ ^ ^ "This i s a [ b a i j l l ] r 
, . , (c) Both of the novel 
objects are presented 
. ‘ again, and the child is 
� m f f l ^ f m asked to point to one of 
^ f i ^ ^ ] ^ , ‘ � - the objects after • 
； . . listening to the test 
"Which one is a 
, . 、： ' \ [mBw25]?" • 
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